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Wiiiwilf 1 oif tdhtc XKMBNMsl^ JUsii Of uTi r m l n i fTTT1«iMi T no iMiiA 
(t» Hm»,mim ^ mmtm ^ aWtO)^'* hr mmma»^ mm. 
lie 
..44ij.'J:. 
CiiA*=^jm • 1 
i^m^a '*! i%m c^ytmmA^^im cm'TJmi -.w amJitmmitii} 
f^j ietic atnaies ana stosBOCti^nleal studies pt&vl^ tiss 
noat ponmvSnX i^sthoa of iitviesti<?atinq <3etailea maetion tmeihpnS,mPs, 
iJommar* f t t s <39iii5ir«lly iitst poaaJDla to ff» t^ aSbsoltite* lafoi!«»itlon» 
Thus* nesttilate^ niecihanisma a i» oasemtialiy thsosies anvlsod to 
Qxplcin tim Sexsta obtaified by csjpeflasiifcs. t*ihn otiier tliooxles* 
fi®6ii«iiiKi» are S!:di5«et to <sh3fi^ as mm infosmationa msm tmeovmgma, 
or# ®a fieif eone^ts a*© a«s»elor>«M* 4a xmtmtm^ ©iseas of odoncMi* 
f7@v©etI%>le9S« tho itosttilatimi of reactlmi SKK^miisma i e of gcea-
tost h®l|i i f i isfia^sstsiKlin^? and sfstamatisifiii tl%s e t u ^ of an asaa 
of c^KMsistiy* 
'^ilm axes of cdWRdstzy i n th is ease i s that of coordination 
t 
or ooR|>iex ctmpmmSam Qfadh eoe^somids contain a e^atrai atom or 
ion* usually a natal* a i ^ a elnstfir of ions or isolaealos sarroon" 
aiag i t * Xt i s ctharaetaristio of tha QOR|»1OX that i t ratains 
i t s idtontity* mora or lass* <«van i n solution* thouqti p a r t i a l d is * 
so«iation nmy ooeur* Uto eotftklast mar ^ non-ionio or a oation 
or anion 4S«i^ «ndin(| on tha ^ a n « s earxiad by tha ewitral atom or 
tha ooordinattt^ Qroaps* Itoasa qxmapm a r t eallad HqwnAa, and 
to ta l mmbmr of attaohnants to tha oantral atom i s tafMad mm tha 
coordination nonlMir* 
Tnns i t ian matals wlii^i hmm got oraatar tandanoy to focn 
tlw osovdination ooiiplaMas with vario^sa or^anie and inorgaaie 
li«ands# ava dafinad mm thosa alaiaants whieh hsva part ly f i U a d 
2 
d or f aiittlis i n any of t l M l r QomHanVf ocseuxlag oxidation 
stiitos* XA ftum of th is daf in i t ion majoxitif of a l l knonn «l.oiiianta 
axa transit ion alenanta tihieh can ba aiA9diifidad into ^ncea nndLn 
eiaasaai 
(a) Hain tswiaition or dHblocle eiasaanta 
(b) tianthaniila alenienta coid 
(e) Actiniae <tX«rinsnts* 
^Stm^ trani^tian ciiennints hate cartain qanerai corwnn 
furo^rtiaa* and sdlth a vary finf astcapti'^ns* ti'jey esJilbit variei*:. t 
valanea and tha i r ions and c r^^ KHinds a£«Bs usually colouseid* ^Sam 
otzticttir» of ti-10 empcnmda of tlia t ranai t ios »atal icm® could 
not ba es^lainad Isy oxdinary thaoclea of valene/ and ^Msrafoc©^ 
^^mer |mt focimzd tlia f^ Braoaa tiiaoxy luno^n aa '.^snar'a Coor^«» 
natitm tIiaory# iiliic9i hxm bacsi a goidi i^ T)rineipl« i n inorganic 
chaifliatry and i n the thaery of v^anea ainoa i t a f i r s t piibliea> 
2 tion* 
i^llowinQ tha atudiaa of '-^amar and liia eontaniiojnariaa 
and l^ia cfMMMipt of tha alaetn»i«<f>air iNNsdifig of imAm and sider-
wi«lt« tha idaa of tha Uganda ma fwit fon«ard mliie^ ara dafinad 
»m qte^9 that cant i n 9mm way, dan ate alaotron-t>airs to aiatal 
iona or othar aeeaptora* tinia fofning tha ae«eallad coordinata 
band* Paalingi awtandad th ia approaoii farthar «Hid davalopad tlia 
Vslanoa Bond thaocy of antal- l igand bonding* tha thaory waa 
aapplMMMitad In f i f t i a a by X«i^«id Fiald fliaoryt Mhii^ «<irolin»d 
out of a paialy alaatroatat ia thaoiy tawwn aa Cxyatal v ia ld 
3 
3 
ihsovy* oupwrnOm^ hf H« Betho In 1921» Aeeox«!lii9 to this 
tlMOxy th«r intftractlon ImtKNNifi mital ions and Hqands i s ti«tttfltd 
as pofoly «3kictrcHit«tie {irotilora in niiicsh t ^ Xiqmn/ia •«» stmxm'^ 
BmntisA BM point ehaxiins* '^ th« othdr hatKSiiniitaX-lierwt^  tn^ 
teraetion can also b*» ilescribiwl in tfttroi of raolaoiXar ofbitala 
«i$ii<di dxpi forap^ by tli» cwerlap o€ liqfand and laatal njtbitals. 
It In not ti-*e .-ain int^mst lieiB to <**laaj^ 8 tdte* a?»tail.» -^ f t!i»»s« 
theories* btit# t^ ** ccmosists of. «ci<1ity# "hasieity* tsOi-wtrlsm mi^ 
hf^rolYBio Qitm also <9iraet eemilta nf th»* c?30»iUnati'i«i ti^ Msin' 
which ha® foottfl ifwsrsasinri amiHcatiTna in "iraay tyr*»s '>* tin* 
civsmiccsl ffork nm^m» tiw aal«5Cti'.^ n ot '^ rrjanic ^siwcipitanta for 
n^tallic ions# wxpianati'T'n ot foiolmiicel n!M%ns»nati m* rcil's of 
tfipitai ions in lea«wr tannine* dywinn of oiotti an<l in fw'mlatin''* 
nlimt growth • coorslinatin- • mrm%B «ir» used in winnittfT nintals 
from th»ir or«8# in «l?*ctrf>>iatincr# in catal-rsiwr pFiacti-^ nSf in 
ONriatinrT tha effacta of un#>i8i]»i>lii catalysis* in }Zf9cipitatin^ 
metallic icms* in pnrvwitinq tiiair ncaeipitati^n wex^ in many 
othar ways* s t i l l othar nsas a««ait attidy meiA^ axplorati'^n. 
Da«in<i tha last thirty yaars f^ ia sttuSias on tha Hinatios 
and msehaniMQ of eoonfinatad eoniootavts startad davalopint;? em 
tha sama l i»es as t^wsa of ovgiwuie ciftaeticMis* Aftar QOing 
through tha litajratux* ona can nl>sarr« that this fialdl i s also 
%iall adiranoad altMiii^i not yat at par with orcianie raaotion 
fflashttiiMa* Both slow «nd fast maetif^a ara baino atudiad nsinq 
diffaeant tadiiiiqtMis but nost of tha nork i s s t i l l confinad to 
thosa saaetioos iihioh aia ralativ»ly slow Mid can ba invasticrstaa W 
4 
cKsmmnticmal m»ttv9^m Xn th is wesapmct eoordintttitm ctMsnlatvy 
o£ Cb(ZX2} mid CrittZ) i « qu i t * intodsstiner «• tha i r eoimlttsws 
playad ii!|>ort«nt nart i n thA dofvalopiMnt of tho eoorrtlnation 
c i^aai&atcy* Eviaam»» Mseumilatiiiii mmt thcea (^ eeavicis haa cvaataad 
a c»m3i(l«%rid»X« Omqiym of intasest in the dtumiatxy of cdiirtnitim 
ana to i t s bioiotiieal ac t iv i ty &a^ i t s RtttritiCRiai rolB in plants* 
aniawla «id man* At tha a«aa tin»« i t a i o i ^ knonn uaa as faov» 
a« i t in <!lf»i>^« i n tanniivi of laathar# i n oleetecsplatino* etc»# 
emieaa i t ona of t l ^ itoat iaioortant txranaition al^tBants* 'i£Lth 
^ l ia iniprortancKi i n vieit* the iiozk on Urn eooc«^natirn cdb»iaistx!y 
of chscfffliim «as tindort^QBoi* A br ia f covi«t# of thi3 coorfJnetion 
chaiBistcy of CrittJ) i a givan i n the folicMing pcr^s with t^se* 
c i a i xefax«noa t^ t i ^ tfoxfe cm tSnm kinatica imd eaadiiatiffii irtiieh 
i a onr ncaaant fiaXd of intaimat* 
f)ne of the moat chasaetestatie faatucaa nif diwnistxsr of 
eiteomiiini i a tha giaat oibiUty of Cr(XXX) to foxn oooxtlination 
eompoimda* Xn ncMit a^paota i t a ooinplaaBaa caaanbla i i i th thoaa 
of ceCzzz)* Thm eoimlAimm of Cr(XXX) mm inar t and tina ratsa 
of ligand intat«9uui9a saaetiona of timtm eonplaxaa ara tiaually 
alow* tha <»omil«Maa of Cr(XXZ>« teowavwr* axa matm ^asci^tibla 
to hydxolyaia ana foination Mi polymielaar eam^l«nmtt by olation 
than thoaa of co(xxx)* 
r-
Tfpm9 of thii QiffMilun (ZII) Con|>li«i«i« 
cncoRdtimdXZ) t^mm « JUis^ nuatxir of eom^immm with <dilf* 
fontnt typ«i9 aC the ll<gaiv!l8 (ovriwiie enn^ t in<:ix«;i«iic!} • Cr(XZI) 
cfl^lfioees mo^ r ISC' eations#aiticma or nautral raoleeules* MtlMntqIi 
Urn mndbair of Cr{IZI)<-eanr>Xi«iXQS Knoun i s vvr^ laiTKi btst t^ey emt 
fee el®8«tfi«^fl lnt-5 jBi^ ksiil tRsn^r af t!?pe«* '^ tie iUfferwnt tyms 
of raoBfflmttieiitar CrdlD-ccmr^losos «pitii racmo- «»!5 Mifentate XigarWIs 
ciT! llstr»d in 1*aft)ls 1« fi<»n» aaesplM'sma o£ poiyidtemta^ l iganis 
efr» Ii8ta<3 in T'aable 2* QireKiiitim (122)- e^mliBWiS hmm th© ahi-
i i ty to ooiyswriaMB moA miraerooa co>ipofsr^3 ar^ to'^wm tiiat craatain 
two or aore dhvomivm mtosm ner raolectil'* linlQ*<a by foriaginti nrtswss 
mxbh &M •"OH or other f|SCMp«* t^ aciBipIes o£ eoe^ tsexmlasmB are 
qiv»n in Table 3* 
The msitMir of Cr(ZXX}* qoiaplex i s Imxm not only beeaiiee 
of the Qveet nonber of lif^aiide Imt al.«o beoauae £^ t^ Ni mime roue 
poeeiblXitiee for iecMwrieni. JCe^ smerie forms of Cr(Z7X)'^ >eomoieMefl 
ere il luetreted by the ti«vee eaa|>oi»i<le of raeleetiXer fomala 
Cr C l j . ftHjOi 
[crCMjO)^],cij# [crCfijO)^ Cl] ci^.M^o end jcr(H20)^ci2]ci.2HjO 
the uttter of erfetellisetion* 0-2 moles in the thrs^ eoniDOiindle* 
i s rea<llly rsaoved end eeei ly dietinquishiiile from the more 
strsiiQly bound «eordftneted «eter m^ewslee. Isomers of th is 
TA^^*!* Btmet mononuclear chromivmilll) txmpXmXKm of s ingly 
eoof^iiitttiJig mad hlSmnttstm dkaXattin^ liqiHids 
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typ« %mxm «iiil«<!l hj^ tlmtio im^matm toy ^ ffMir# who jnMSGNgmlMMi «id 
4 
aescjfibeNS mlnvmn t^ipi&A af iBOumximn of ocMpl^ x eoR|>otni(l8* 
Vijf far tho cnos^  i.!flporteiiti ti^ ftMis of IsonMin am tivi S^TOM— 
i90raiijm« l*ii«tfl«iOBiftl»dca!l SIKI optJlcaX Isoroaw* Damonst^ ca^ CH) of 
eormotiMiai of '•fBwemr*B vlmm nmm in Imtm nart basad on hia 
fi!?«»<!lctlon n<? stamndsoiMiciiM of fURtai etxi^Iesess f'5llo»»«Ml toy 
ftrwaaraticm ana oopamtion o£ nurdbexa anil types of isomar^pva* 
^Setm6* H!5f«o?«r# stsKly o^ tlia faechaniaraa -^ f? cnactimis of matal 
eormlmma of tan ifnmXves r^m8l<%ratl«m <^ f tiMS isorw^rie relatlona 
of efs©ctafit8» Intedsawidlat^a aBfl pjpodtow!!^ * 
Tim oxlatftnco of ataw '^^ iaoniara of Cr(112)-cnrfnle»ia i s 
PossJJble fcK^Cffiti^ of tJi© dimeted bonds '^ f thm Crilll) stmetuxa* 
:'ith CMSoz^ inatifm mwismr six* Cr(2XZ> has oetainNlxai »truotux» 
(Fi4?«la) tilth Cr at tha oantso eenA ^-m toon ''a /ULxmctrnf^ tovrards 
tiis s ix vsjTtiess* For eonvwiianoe* tho eofiv«nti«m afvemlfm only 
tlis hoilsontai plmm 2«3«4»3 and thai vartieai axis It 6 ot tim 
oetilMkivixi Is «UMdi (Fi^.ib); tha s ix v«rtiees az» (iqiiivaiant 
«van tliouigti in the sicaletixi straetuxe Cb) two of thwn mppmmx to 
differ froM the other four* Zn floonting the waf*mv of theore* 
tiealXy possible issners# i t mist be vanMiirt»erad that bidentate 
iioaMkto eaniiot spm iSMUL positions* 
Mo steteoiaoaers era poesible for the stimetnras 
3* 3 - a* 2-
c,«,]. fr X,]. [cr*,x] — [c,«, ] .t«». 
intSM»ienoing tlie positions of l^ he <iro^ p»s lesves ti^ ie s tmete ie 
-J '''' 
"{fiohwitwi* otoiictrioal. isonmrimgi «n««« with ions of tiMi 
typ«« t cirA^^ Cg}* and [Ct^i^'^^l'^^^^^^*^^^ ^ filft • <i#2) -
of the aim •• and Jt«3B3ys**»**'^ ** «*» r«i'1-irl"»l«t an^ rft««n# 
rft3tj«^3tlvel7f th*i analogmis r4»{13;i5 « ccsfRl^ sMW hmm th© 
aa'Tje colors aa ^ thp' rrClTtJ im" C^(2ril» cenpXmmB con-
talftlfi':! two noles oJ ^thylenof^liamlne a** pirr»"l«?i««t3[«miii«9 in 
l.'jXac** nf tlie fcmr raoisa nf anaonia* *'-a-irsleTeaa of th<r» typw 
CrAj'?^ *3l«o ha«^ two qmmttiesXXy iaoi-i^rtc fSntwo, i««9.#fiiif 
(1«2*3) aa«t 5JCiQa • il#^#6) (.';'lc|»l c#fi). :l3mT l^0?l at aiidi 
cor!i>oi3nf1s are L^tyt^J^^Jf jpsim^i^ 01^ m^[Cri^mi^C%£\ 
(pfm^x^'^^nmf Umm • !Kotfe«tlttit»3 anjl<3®J • 2n th* fllft-foiw* 
thns® ll!c@ iTfjEotipo «3m a t idto <M9sn®x® o2 a Sao® oS ^m fictaha* 
i^nrmi uhll^i In th® isaoa-forfn thns'^ lit':*? qtrnxpa li,® in a i»l€Brw» 
at rlfiht an<|l«« to tha nXimm -if othar thr^-^a. 
ainca wr^ii tha i^lriaorwra of com'5l*»?s(Mi of tyrjes 
ham conal^Uisiibia aynv^txy* thaaa 
cOTiplmMMi e««iot haim optical activity* i4hidh aoaa ariaa* 
howarar* in the compiadcaa containin<i tvo bi«l«natata c^alating 
li^Hui^a in ^Imem of th^ fotir aluglv coord ina t i^ nol^rCttlMi 
auah as miy m i a i s i l l t iatratad by eoRplaxaa aueli aa {^ cr an^ 
c i j j ' ' (FiQ.i <j*h}| tha biraeluit rwpvmmmfM tim bidMitata 
ligand* Vhm XOKOtL Cona (g) has a hiqAi <l«gca« o€ mfommttf Mhiia 
lUii^  form (h) haa no aiwnants of aywatry* i^m Iattnr«tha««iof«# 
1'. 
ha« two tomm %ihieh «r« related to eaeh other em nonmrxpmrpotuSblB 
rairmr inagea^ i«e*« theae two are o|>tieal iafxaara* 
/Uthouqti no laoniera are ^losalble ifith the t^pea 
[cr ^ ] ana [cr K^] 7 their aneioga with cshelatlnq Uganda* 
[v.ri^A)^'j^^mx^lCffi^^)^'} exlat In d# i fona® (ivv •• bldentate 
9ff?im«tri«8al t^mtral ariel^ting Itmfi^ m^^ as etlis'leiiediQ'^ne* 
?3l2ai2Cli2Wi2f 5^ »^ bldentate ayra-natrlcal negative c*i©latlng 
f}»mi?> anch aa oxalate* a-»o^  >, •%!« la lllnatratedi b^ the 
. ^ . . C. o. . . . . . c ^ f . . . . ^Cc.<...3D« •«. 
alao ««3cl9t In d« Cr ')alra C^"^  » bl'i^Ritate llrtand mic^ as l«3«> 
<1iketonate«or ion of e<5^ * irtiino acid)* The aaiantiCKiiorahlo 
forra® are related to each other aa th«^*»-bloaed rl<^t- an^ 
left-handed orG^>ell.era» Tartrate-tjppe laom^rlara <d#t flaidygBBiKS) 
la possible with blnticlear eonplexe^ (i*lq«l J#le)« ChroraltiBn 
coiplescea of tiMLs type are 
[eWjCrtaiJ^Cr en^]** and [(CgO J^jCrCOHj^ Cr (c^o^)] . 
thm nuBiber € «^30aalbllltlea Ineraaa^a ttum the llqand 
!la unayieiMitrleal* 
ceeplaaiaa of type|cr(^)37h«^e a stmeturci IDce that of 
[crCAjXj)] (Fi9«i ttftf) eieeept that eaCh A la oonneeted to rni x* 
Thua* If AX la unayfaetrlcal* [CrC^^jl wi l l esilat aa «« pair 
of geormitrleal laomera and eaoh of these wil l be a d* ^^  pairt* 
e«g«# If AX la taMi!r»ietrleal 1« S*dllcatmie aush aa trlfltio-
tvacetylaeetane* Altheugii aeetyleeetone (aoae) haa been elaaaed 
lo 
as a il^nn^ o€ t.w> A?f typ* ( a » nmitsraX enA cmm ni>qtatlve 
(irotrn b<mdl.fif|}« no g»te»BPtflcal jLowatm of •^;r(ACdc)« o3eis^ 
beeausfi fw«onane« in tlv* chulatft xlnqs iiiakeo i t i^^ossiblo t o 
<!iotiRf!ai9h bflttween tim two ORyqun ate* ® rwsr liqan^l fomlnq 
bonda t0 chre^iss* 
i^  ftirtlrt»r incwaa*^ in tjm Tjoaaibiliti^a oS innrmritm 
&.timiB i«M»n a il'TWid i a not only iinayniaattieisJ. fc«it alao a&fmf» 
rmttic ar examp 1' SieiS tf^ pfr^-^ilmmfAsMfm* njJJHiO^l^) CH f^SI^  
(pn>» "%Mi co'W'^ lftx [cr pn^"]^ or jcis- [ c r pn* sc* 1"* C'*^  « 
coor<!!lnntof'5 i<m, atich aa Ci" ) nay contain ©itiier t^ d or 1 
foiK3 Of t!i0 lirimaf t!i9 cson l^esc icm taav have <^ At3tE5r o* tJw two 
confiffurationaf an<1 th® isn»srnraot«leal atwjKsttit® of ttm liqtiad 
l a a ^ to a atrtsotucal iaoraerieni «ti5wrir^ >'*»se^ on t^atBv®r <?<»o-
raatrleai ia<MBBri»m ia %lgmmaf oi»sant In t f» con^lftx» For a-^ ipa-
pl® thtoa atmct^ral. iaoraara of the cowjlox fijji* [ c r nngCl^l* 
as© peadictfsa tmeaami of tM% dl0€esP!nt ^?oasibl« relatlim o'^ai-
tiona of th© raatliyi gxoopa ( Fig. l l#m#nf } | thara tfoulrt alao ba 
two iacraem of tita ^QaUT'^ ^cin CFi<|«i o«p)« 1'ha amino aeida alao 
baloag to thia ciaaa of li<|iinaa« 
S 
•^ ly^n ta ta IXfianAa tiwif also liavo dlti»v»at oonfomati'-nta* 
ro r axaniplatf piMiitiona on C atorta o£ athylanedia-nina-typa Uganda 
CKmia hava ascial or aquitorial oriantation aa indieatai^ by a 
ana a taapaetiiraly of Ptq^lq, mmq* tha CHj froupa of propylana-
diaadAa eouia ba a l thar aaeial or aquitoxial* Zn oetiOiaaral 
«aai>laiiaa# tha la t ta r i a tha pxafarraA oriantation ba««iaa of 
•feafitt intaraeticma that wonlA aslaa b^tnaan aadal fjrenpm rnnS 
^ro>ij>s (n octa^kUrd coordinedion Aliens jierf>endicuiak fo Me e^date 
V 
Y n ' ^rUx Art 
' f > l ' ( c ) A , ^ , X 
^a lit: (^ gj; :o 
ci«(l,2,3l trans(1,2,6) tronscl,6) ^^  d.l-ciift,2f „ 
oi i . tit |ij d o r t (i<) it 
o i c )™..i (nl CI n cis N ("» ^\ pj, 
^ " 7 \ ^ *fonj trons 
M-' Xf(j a(qj e-EquQ«orio( 
" k>^ a-Axial 
Fig.t: Stereoisomerism of chromium (m) (o) Octohedrol structure, 
coordinotion number 6- (b) Format rapresentotion of octahedron> 
numbering system. (c,d) Geometrlcot Isomers of [Cr A4X2J*(of 
ICr A2X4n . {e,f) Geometrical isomers of tCrA3X3J. (g,h} 6«?ometri-
cal and optical Isomers of [Cr AA2 X2l*(or[Cr A2 XX2r)*(») Opticot 
Isomers of tCrAA3]'*(or(CrXX33'")- {j,k) Tortrote type isomerism 
possible for fen2M(OH)2 Men2J** or ((C2 ©4)2 M(OH)2M(C204)2l*" 
(MaCo or Cr; en* ethylenediamine). (tim,n) Structurol Isomers of 
cls-(Cr pn2Cl2l*(pn«» propylene diamine), (o.p) Structural Isomers 
of trans-lCrpn2Cl2]t (q) Confirmations of coordinoted pn and oms-
logous Ugands. t ^ * bidentote Hgond-
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Tim ioifBdiatA envircnmnnt of tste cen t ra l metal at^ ara 
i n a cooT^irmtitm coi^oitnd l a <i^nerihm^ by I t s coor<%lnation 
rnrf^r an?*' i t a coordinat iTn atatis an^ also b / tha gecMwstiy 
Qn«1 K«»lativ«» noa i t imis o f t&m l iqani la* *The enaction of the 
coorr^ lnat l "^ ccroounAa ?^iay bo rp l^at*^?^ t o ^m chan^^its i * i th 
th© o x i d a t l " ^ mtmtB0 tha cSiinv^s i n t l ^ cor»P(tlnatiort 8fuiXl#or 
the changes I n tim coortSinatad l.iq^n«l3» "Tfm ctianges i n thm 
oxidat ion s ta ta o r chan<|»s i n tho conrr^inatp*'' li^gan^a hmm 
not hemn Invf^stlgatad systasrattieallv i n thft cmam o f CrttJI) 
co:rr>lejB«*3 end teie tmik of thr> wytfk i s s^ la tw l "With char^fis i n 
«i€i co-'r?^nation shA l i * i l irc»niiini(JII) icwia i n aqueoua ©-^lu-
tictti &ro oXx^mfB founa coo«1inat9<S ^ t h wat^ir notecnles o r 
w i th o ther e^ ^rt! inatinq «ipaeias oraaant i n tha ab lu t i on* llhamt* 
fiorp»,tho raactiona tnXntmd yAtii tim coordinat ion (^«t l l are 
tnainly thenta ul i i f i^ arci aa^ociatatd w i t h tha rapXacaiwnit of cme 
Xioand by anothar* ttnaa tha diacttaaion o€ tho k i n a t i c a and 
Riaehani«n of tha raaetiona o€ Cr(XXZ) eonoXaseaa i a esainly 
ctmfinad t o tha li^andl atAtat i tu t ion reaetiona* % <tetaila<f 
account o f tha atwi iaa r t lata^t i« t t^ tha Icinatiea ant*! maeha*-
niam o f atMh fiaaatinna i a * tharaforw* bainq Qivatn i n tha 
fo l l ow ing ni^pa* 
Watttpa o f awbat i ta t ion Waactiona 
St ibat i ta t ion raaetiona iaeluaa tha raplaoamant o f oaa 
lioantS by anothar i n a eo^pilaN* o r ona na ta l ion by mtiMimwm 
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Following tiis ts»rmlnoX<»^ utmd. hy }itm1tm& amf Xn^nld in 
Xttspnetivaly. m s ttfiM x«f«r t o in]eloer>hiUe adbatltntioii 
and fttectxtspliilio aiA>8titatiafi* tn eooffOination cj^mdatxy th@ 
central a fm i s «» altr^ctct^hilto snaqent ana tha iicrwi^ az« 
nticX**opli2.!ISe ]?Qafiant3« 
Y • M - X •" ' > f? • Y • X S^ j 
^V H -> K •""'"'•) n ^ K 4- M B^ 
Ttm nueleoplillio s«l»«titatloii eeacfeion i© a srsodel 
type of fpnaraJl iKddHbami si»eotic3n# in iiliicii t^m rmtaX ion 
fiincti3n!i as a L^ mia aeid and tho £iaplaeint| ligiuid as a base* 
1W0 fundapttntaily ^iiCmmmt paths «Mm be ^rlmimULmmA tot thass 
aiactions* a^l i siA»stitution« mieiac^iiio* vaiArmlfixeaXary and 
S|,2 ( 8cd>stit«iti«m# mieliiophilie* bier^laeular) • 
« %^ »«:t l<» q o . . » , . t«> M ^ . « d . « i « . m Which 
the f i m t stap i s slow tmiMoiacnilar iiatcoiirtie dissocStation 
and in tha saoonA stoo the rai>id eoattfination of tha ineoMing 
ii^sncl %a ttia tsatal ion OCMMLVS* 
H - X -^  •*«»> M • X 
fasti »« ^ V 
M* Y > " ^ 
tlia rata aatamiRiAg stap i s ^dia xviplraxis o£ nats l * 
licrand bond* 
J8 
2 
An ^ e»«otS.in i s ana Itrfolwism o birtolaeiilar s«t^ H» 
(kitmtmiMm stop in uliifili mm wmiolmcisi^iJLe xmrnm*^ Ma^lamm 
r 4^ H m % " '• •) y —«- H *— 35 ) y • H • x 
turn r»t«<<^<9tAraiiiiii9 et«i» i s tins psst ia i totxmtltm 
o€ a nsw nmtmX li^amA bona {>ltis «ie»Slietiiiii| of an^ t^hsr sudh 
bond* 
7 
motSmr possibil ltr i s t ^ f'^ ur osntzis rtinchiiitissit in 
f«ilii<9li two msiA * boss €nepl«3Ctt8 slmiltsmioiiai:f mee^umw tirotq^* 
K 
W - X 4. H •• If ''" ' "> H M '""" > ^ • y • f« • K 
¥ 
*lliis prcx»iss doss not csqcnifQ ttwi ssipaision of ma ^coi^ 
3r or IT into tris solxttion s s f c«s ions or {soliioiiXss* Hiis i s 
peuisibis for ttisss oasss in ubieSt ths K or Y i s vsrf «ms%Sbl« 
s s s f r^ fi |^srtisis sua ^»m hmnA H * x o r H « » y i s muey oovs-* 
isttt so thst ths dissocdsti'm into ths ions i s aiffiottlt sad 
tbs solvsnt i s nosfwisr or sbssnt* 
c isss i f i ss t ion of S4g«ad £hir^ s%itBi%ion NscAiwiisni 
to ss(|ssnoss OK sisnsn*' 
tsrsr stsps uliish nslcs ^ ttw rsaotion wsoiisnisii s s stoisliis* 
fMitris rasshsnisM snA nwofitMtm tiist tlis sii>stittt«ion sisebsniSM 
flissf folloif «i»i«« i>sUmisfsi 
(a) plamoelm^itm nm*H (D) , in wtli^ thu laiiviiiQ Uqand in 
ICMit in ttm f iMt st»i>» piToatiisiiv? an inteennsaiatA nf se^iKeif 
t m ; rit.i .••M^ fiftf ^ • I •» N 1 ^ V 
J^a ^ ^^ , ^ a « | ^ , - ^ - j - - ^ ^^n«l* 
^^ t^sgioeiafeiy naf!h(^ -K in i^ tifiHi t ^ i^terinqi linmifl e'f'la in 
th& £imt •*»!># -iro^oinnf en Intmnm^leLtm of inc!?e®»«'1 coonnr^ i-
nation ntwijar 
*SL 
, p - _ r-V ;=: 
A s<afK3tinn aasicuMd «n *'int(ir(£hii»i^" foec^ iuiiiHn tms^lf 
reflaeta tli« fact that thu eatpoxiinantal data do not nronridii 
solid €rvldonee for tlie oeeumfUCNi o€ an intacmodiat® hut i t 
e 
Aama not itmly t ^ nan«i><»dlatffia€S9 of audb «ti intunaedLata 
For a dissoeiatiira proeaaa* thct antoxina <7r«mp does not 
intaraet diraotly «iith tha enaction oantiM in tha txwisition 
atata* iihaMaa for tim aaaoeiativa procMtas aucti a raaction talsas 
plaoa* Tha aiqiaflniantaX tmmnm of diatinquialiinQ tha probabla 
naali«aiaiii ttwNi baaioma poaalbla* Zn a diaaoeiativa 
ectlvatwa intiieMitft imehm^sm th» i»to ot tmmctitsn should hm 
Inmrnmitlva t o the nataim o£ the nntQiiag q&»a^ dseoapt for 
arealX «f£<!Cts arising £i»rR"9olv«tlnn' intnraction tihil« the 
rata o£ an associativnly a c t i v a t e rmeaanii»a i^ oisi<!f ba ««i£y 
Sfmaltiw* to tiia nataca of ent©ria<7 *irrwi>* l i a ro an® »«»y 
1cirr>tlc &n^ 8ta»i0clm!Blcal tewchfti-it^ ® t^iat can bn «»«id t o ae-* 
te»ct tlm neaaanc* of soacti'sm infirx^dlat^s* '"^vash t e s t a provide 
rwana for asaiqninr? tm A or D iel»el «Mdht can <mly ba dtima 
WiV^n tii*5 evl<Ss«Ka» for tliis wnrosdmate Infearawdliatft l a forth-
co^Tsg* "^vs interchange raechaaiijKO D!»9«»nt3 a qreat "jrc*>leiB# 
in tito senao t-mt i t o f'rnSEiatratlcn io nfsga*'^ ^^* i«e» en I* 
raechanisn i» as«icjn*»a «han no evirtancw can bw pro#^cfet1 for a 
i ract ivo iiitan*?<flatB» 'Stm int^rchanrja orooass can h»m ©ithar 
aaaociativa or diaaociatiws activatimi an-^ ^ tharaforw Jf^ an*^  x^ 
!<iachaniai!i8 am viaiiali.8a<9* Hia idiantifieation of I . r^clianittm 
ia aaay <*tia to %tm liynchronoua Mmolacailar proewsa but K^m 1^ 
*«<<>ehanim pinaanta ao<*ta nrct»ient« 'Sba D andi l^ nKOeaawta ars 
bdat di8tin<iuifltMw!! in tezma of tha lifa-tima o t>m intaisae^atatt 
If i t Hvm9 Ie»vi anotiefh to aqtiiiibrata with i t a aoiuticm »n^ 
vircmment i t «dllt dbmf tha t»8t dharactariat ie of a n «iiac^«ni«ii« 
On tha othar hanA if intaraeta ifith anvironramt i t haa ir^Miritail 
than tha ^^ fiKStiafiiam ia T^, 
Moat of t^ia atadiaa on thm kinatica and rMnmanlMi ot 
octahadral camtlaMia hava baan diaciiaa»<" in tha l igh t of thaaa 
'toic^iS nnraferio aeciidni ••ira 
•^M o'.- «ctl ,a.J<» ?,?1Sc'SS2^ ^ . ^ S S S S l ^ ' J " ^ : Of 
c^oal.WitjQp •>rE?c**a.i nir'tMir 
t^ fj-U^ f^^  ojct'^nslimly -swiv b® r;l#»s9iff^.i In tJn» following four 
<WMi 8ttKti«!i<1 to tin* gr»9«t*»st «i^<int« l a til® mactlcm b«ttii»«in 
tlM» e<»»r»lf*x aivl thn solimnt witor* AO1«I hy^rolyala mactlfm 
eonalat* of aia aaoamttnt of a eootvllnatiKl UQaivl by w«t«r l a 
2 
ael<aie soXation (agnation)* ^oam acid hydroly«i» rat® 
c:»iBtMit8 for Cr (IXX) otrnjlrnxsta are Xisted in Tatbl#*5 ia 
ecxntparisiOR with tha eonstanta for hydrolyaia of th« ana* 
logoisa Co (ZZX) eoriplescaa* 
TA8!*i:«S« acidi hyiSr^lyaia rat© conatanta 
Ccmnlen 
lmmi^}^f'' 
[iHim^t^n^f^ 
[^(1^3)501]^'*' 
[K{Hii3)5r»r]^* 
[Mtoa^gif* 
[HCmijI^KCs]^^ 
[oia-^tanjClJ* 
[trwia-Manj^-*" J * 
[CrCHjjOJj HCsl*'*'* 
crCXXX) 
aoi<S 
2.3x10"^ 
l^ OxlO""* 
s.ojtio*^ 
a.ojcio 
i.oxio"'' 
a.saao** 
3,8xlO"® 
ftlxlO** 
t(®C) 
2S 
40 
as 
2S 
0 
as 
25 
2S 
2S 
CO(ZSX) 
BXSlL& 
ivQTf aioif> 
T.OxlO** 
l,?xiO"* 
6.3x10"* 
l.OxlO'* 
S.OxlO"^ 
3.5x10'^ 
3.9x10"* 
•m 
t(**c) 
• 
25 
25 
25 
25 
25 
25 
25 
-
•ilaf.lO 
In aeia hydroly*i<i raaotiona. ainoa tha antarin^ 
llgmna, H^% ia praaant at a eonoantration of Atoiit 5S.5 M 
and i t s cmncaiintratirm essentiel y fumains eonstane* m f i r s t 
ordar m t e lat# givsia no irK3ie<itl'^ >ti c?f i^iet « I^A r^xiisr i a t»ith 
rmmmct t o H,*o» /dt!^>ii9h tiwi fji^isticjii carmot b^ ainsiiBfwS 
4 
<^dfinit<»Xy# a urwtoRliiantly aJ l r!«»fSianl.ar!j i a mip'^ttM by aoRm 
n£: tiw» data* For «miin«l©# the variation '^ £ tlwi r&tB tfi^ pfrndlm? 
f>n ti*» H f^arKf r toVmr^. t^m varlatljm af t^ir^odlpie^de «tal>i"-» 
l l t ^ '?€ t^ v» ca-'^Vjx icma* Indleatlnq tJiat. '•! - "'' bond hwtakiafi 
i» an l«>c»rtnnf. factor in >rfNlacinfi tii^ s t r ana i t l *i J5tat«»» """ti© 
' • ' r^r of •^ecroasliT' labili*:'/ fsf t;y* li'7«^ n»1 flisnlnee^ ia ."*ifmt 
tlM^ amm na thn on*f«r o^ t^ srmetxxHStmnical ««*rtf*s tl!ierp»«3inet 
mmmsaam iRv»ati<!ator9 h&m mtoMm^' tJnm kinQtica af 
HiRtian of emmlmoM of tha type £cr<H20)jXj* ftf 
Cs&i r#Cl# Br# I# ^2''^ ^2* ^3* ^"^^^^ '^ «»««nt adt^itlnn to th« 
t i a t iafCrCH^o),^ no^ # triiien i a intai«atlim b«««ui»«> tha 
12 
ionie c ^ r g a i a ^-mm Imtm ^«n that of ^m otiMra* s^ mmraX 
reaction natlnnqra ar» «vailabl« in aquation iiiaalHmiffnia#i«a«c[epen-
ding on[^tJ/[H*J and [ H * ] ® • A txwid i s diaoamibla coia-
paring tha raaeti'^n paramatam for ttui [H }pathvaf|r «dltti thoaa 
of tha [H*] ^ «i«[M*3pa«n»af«» Aa tha »«*•* ^ ^ xwaoaot 
1« [^H'^ JbawMaa tmtm poaitiiTD^ AHT' and As"^'baooaia Uaa 
|iO0itivttf th« only tuvBemptimm ami tlw fMunumtam for tlM aulfato 
eomnlftx* zt i s oonelndwd that H H't] patHMiy i s iii|K>irtafit only 
£ojp C!OR|i!Ui9ai8 cofitaifiifiQ scMMwiiat iMuiio ULfjtvn&ttm 
In ma acia aoXtition of I^ CrCHjiO)^ !] eOft^ d^ nifMi CI or 
SrT both a<|itation ena imation oeen^ xC Aiiatifin of tha peo&wt 
of aquation [ CrCltj'i)^ ] ia eaceit^la^ ainoa tliia im ^mmm to ba 
14 «* 
oloif* A poaaibia eiadNmiaia iinroiv^a eoapatitinn l^ ii^t^ &n& ^ 
for a poaitioa on a 5«* oooriSineta inf^siaaaiatai 
[crasgojgj ^ .1 ^ LcrtHgO)^ K J 
[crCHgO)^ J i- ^2^ — ^ L c r ( f ^ o ) g J 
AltamatiiNiiy# tba maoli«niims f»«s^  involva ^^m JBunft 
ffiffaet* In tha acpati'^ of QcrCH^^)-!! in acpaoua HCIO. 
ooiitaininQ tijO* tha pcodoet* LCr(^O)^ ] ^ contains tsue labalaA 
iMitar molaenlas* ^>im of thasa i s tha noiaeula ^lat Aispiaoad 
the iodiaa iont i t nas ^srnmlxn&eA that thara %#as andttanga of a 
ooovAiaata^ watar aoiaai^la prior to tiia aqoation as a nts«lt 
^^ JUOnt affaat* i«a» labilising «tffaet by tha XeMBm ion on tha 
jUQKtt position* QinXy slow H^ O <MBelisnqa ooeiira w i ^ [criH^)^x] • 
RaplaoaflMMit of ooonSinatsA haliAa in ^$Mt follonuiQ 
plaiMS by HjO eoeiurs w i ^ assantially eenylata ratantion of 
: A ) 
eonfirmrr^tl^i it) clw-LcrCNHji-SijO Cl]**i (2) trami«» 
Ccr(mi,)^H^o c i j^* . 'rni, Umt - ordur rate* omstanf 
< [H*J«i 0»08 to 1»0U '1 ) ra»fj«»a fuora i . t3 to 2. JOxlO** s^f 
'"hf»> f5»ffl«r of ifiCfw*»al!V! ratn wayst 4»S«2«3« 'Jtws tt»fKl« In 
jMaetlm rat<sa «r» t^ v* «®'r^  »« tfia«« si^artod for tlm ana-
17-19 
HasMs hydrolysis 
I B W I l i " ' " iB«iW 
Xu h^ie iii^r^lf9l»» a cooxtUnat©^ ilqsaaa i s ulti"mt@ly 
Ksacti'm ratw coii»ti*iit» ( ltjy^ j*#M'*'*« ) awit 
tranii-[ %ii2 ^^a^*' 3»tnO*^C23®>l 3X10^  (ZS**). iliit ir»te» 
for the Co(XIX) oopplesiwa are* aJioiit 10 tif!i»« thoa© for ttm 
Crittt) efysmXeymmm 
I t i s appazcmt that ^m vme^Mmlam eannot IM» tha aarMi* 
I t haa bwm aiKSKMiatad ttiat soma <:o(XZX) eomplaaemi c)f Hii^ ima 
amlnea earn rsaet by tha '^CB ma«haniMi (atd>atit«ti<m, mielao* 
phi l ie* tmimolaetslari oanlugata baaa) in wlii^ ttia faat 
raaetion i e a eKMbination of QH* wItJ) a proton fron# for 
ax8npla# m^* Iseying a ooorflinatad NH-"", £o3.1o«i»?d by a alow 
(rata oontroilino) raaetion vith watar eocivarting tha vm^ 
baalt t» iOi| and «ooraina«iii9 tha vMMiltlng OH% 
:,c 
20, 2f 
EsiehKnq* reaetiona 
Tfm nplmmmat of « i lg«»i p«i»«nt in ttm Irmmr coocrti-
natlcrs shell off tbe tmtal ioo b? th« BS''^ type of the llian** 
present in ttm solution niay ^^ caJl^a :m oxahanm m&aticmm 
':s»liffliv?e of a llqar^a MitI) t ^ ccwrt^lnstw" Itqj^n^ can !^ foXlotj^ «l 
bf tiis US© o« isotopic tracers* 'S^ a inc^rt charact*»r of CriI31) 
c€«sc>lexss Is < «^fnf»istrj»t«1 b^ the Imst rat*i of «»xchansto o£ iJgf) 
with eoorainat«»f! watf^ r of Cr<ll20)g . the rata ccsnstant (at 27 ) 
Is 3 to 5 H 10 fwln # a9pei*i3inrj cmi th© <Ksac@ntraticsi# m^ i s 
constant ower tha rawio o£[n J«» 10 to 1«S «• ^lo activation 
Gwawrtf i s @&>out24keaV i^ole« *^ !^t)a qunstirHA ^At^^imr this rviaction 
i e £^^ or a^ S has not txrnn aniRsiarf^ i aitNir tyno f i t s tl*© rata 
law* 
rate » !t [CrUJi>^'f^ 
In the stuAy of aswhange reactions with Uciands othar 
then iMiter* aqtuition iwqr oautse conplications* For mMmxpl®, the 
eiomaage of urea with [Crdfifj^^^^G^^^ ^* *^*^ '^^  weter and 
cannot be followed xeadily be««ase of rm>id aquation althouQh 
the enehanqe has been faeasuc«d in methanol* 
1<he replaoenwnt of t ^ coordinated water fWlecMle from 
the eqee-qemiilejt by anion or neutral meleenle i s the reverse 
of an said hydrolysis macstion mnfi i s sailed anation reaction*^ 
fhis wmr be gmp9m9m%tmA by the following equations! 
,7 
Zn j^eneml* «iiii r«t3?> of w*8Cti(m of «fi eqao^icm with n 15.na»a 
5e fi'-^ t atroncily mf&*ctm€t tsf tlm natar** *5 em Xif^my^ ant* th® 
ratfts for « fiiven i o i asn atooat the smr* ea tiM» retes for 
wat**r excihetiicEffi for that Irm* PtnamttlbXv tliaa^ fact® era 
«ce '«frt?»rt f^r © re!K;tJ •« wcnania-'i e">«r>rislrri -i* two st^oai 
(1) formatlcw o^ cwt«r-anthe»» txtsmlfxf (2) ^ilninafi'ti f>f 
tjator f-'Tn rfjuo I'm. 
Stfc5% rfinotlf.na h<we !>«*©« ateniftl** * in <^tali f^r CodTi3ii 
Hindis) an^ CrCXII) <^ irff3lasBas an^ thair raodbatJlsBP^  hii^ m l>f*«fn 
orara33«l# T^ %mJifk doi^ cwi tlie miaticm of Cr (ITl) ^j^mlmymm 
XB r'^ li^ 'ivad imra in ^totail* 
24 
limm anr! Davia atti'Ua''^  th« formatinn of diossalato-* 
(1iii^ (tso«c3iromltim(2fl) ion from IvncaaqoeehronitstiCxix) and 
onmlsitm i*mm '^^m cataa of xmntetlcm of tiv* tifo aiMCiaa 
[crtHjOj^CCjO /^j an(d[cr(HjO)2<C20^y wtxm (SmtmrmUm^ pola» 
rorira Meally l>y naaattriag eurraiita at diffuaina platnifta* 
TiM xaaeti mm ymva fottnd to b« eonaactitiya ana firat-K>rAar 
ifith raapaet to ^Ov» raaetino inatal apoeiaa* ttm rata of «^ M» 
f init atap ««aa found i»«»x«»iy orooortional mr»A that of tha 
aaaond ona waa indapandaiit of tha hydtso^an <MMI aonoantmtion • 
aotii tiia rataa wasa inflaoanoafit of aoniAata ian wmoantrational 
:-8 
25 
iimm «iHl PG^^kXtm pro^xuBBfi th» eviaence f o r thci • x i s -
tmti0» o f matXflfuito eolifilnxao r>£ chxoitdin Hit) eontainifmr otm» 
two and tlicvMi Malonatft ffroi]^>0 i ^ r dixondlisa at»>m» 'The val tws o f 
act ivat i 'Ti i pmrmmtxtTB ware ca lc t i ia te r an«1 coitpmvm^ witht thos® 
o f oaeaiat^ w i t h CrilttK ^ o cotapafiaion betsiftsifi iiai<mata 
©ivl -^ scalafs* f.^r tl*?? f l m t m\^. n>^€sim9. «^i«lati<Mi st«ft>9 i f i^cat*w1 
tha t the ®%fm atepa nare iMiarl^ idNntieal.* x*a«i@r Huediital and 
'?ai2esi st«^ll«5 tlw> JTOiwx^entst® f o m ^€ t i r * naloi iat»-«rCtXI) 
ccR<rlex» It iey mnn^stn^- t h a t tJ*^ S5»l5stlto*-l.on was as slwy es 
i t y-as f o r es«ihanga of f«itar# nar t icu ler l« f h«ieau8o ttm l o c a l 
cc««3enti?atiCM» oS tn© £r©a castooxalataB i t n wao l i i r lJ and th© 
<^l8plac»*-f?iits o f iwiter t o not gceat ly analated l iy the ific^fnin?! 
castwasyl t|iPCRi|>» Bmmtt$®B and Chattasrjir?® otudtod the fo iwat lon 
of t^tisia<Tao-«KaiOfflal«wiato«Cr(S*XJ ic«i f r o n tiexaaqa©c^ror?iiti» 
itzti i on ar^ taaloaiie ac id* A eonfjaxisi'm '^f tha vaiuaa o f tim 
aet iva t ion oarv«itax«# AH and AS « f o r t h i s complflfx mrmtmm 
wi th tha eorraapondiwi X i tarat t i ra val»ea f o r thn va tar f*xtA%mam 
of [CriH^O)^] i on* •u9oeal» t h a t i n tha oraaant ayaiMm tha 
i o n * p a i r c«»st« asaMi t ia l l y by s^ proeaaa* 
28 icalai oAd Harr ia xaperta^ tha auftMititution xaaetiona o f 
oxalata oomslax iona* ihay atndia^ tha k i n a t i c a >f tha wtat ion 
caaetian ^^ f eia*liia-*(oxaiato)«» diagpio ohromiwnCZil) i on w i t h 
oxalata ion i n aqoaooa ao iu t i^w* tha abaarvad f i r s t -oeSar 
rata aomtant waa iSaaeribat^ by aquation* 
^dkm mmmLmmKMmmmmmmJBlmiJmmmm 
t • Kj Cwc2^;i* Kg [Cac^*V {x^Kjjts^^-J} 
«^ !^ !» K, tmSt Kg m?© es^>cletlnf» constants for biostaltttB «and 
ojcalata msp^cU^ly end 1^ ^ io the » t a eotistimt of ««ter 
etj^ leccsnmmt* BesmrSom tmSi Qiauttniri xnRported tho Mimtica 
and nx»ehanian of iotsmtion o£ t»trii*»g»quc»"<Borio«<>xeiat<>» 
chsomiuedis) ffroca lM»mQqi»x:hromltim (III) ion ana OKQUG 
i3«ia l.n iiqueoiis pavdilodLo aedd meHlia* On the basis oS tha 
valtiaa o£ AH emA A3 tSia? au^aatadl that fim aissKtdLaticm 
of th^ f ieat ohcomltiRi tltt) «• ilgO was ii^jortant in tho transi* 
titMi stata* 
30 
iimm mnA eoMOdtaca atodiad tha tmtmo of coaetiona 
foe a aasiaa of ov^anin iMSsid aniona (analata* ^il^fcolatii* 
lae%ata# plitliialata« eitsata rniA tavtarata) with Cr(xxx> 
hf fio]juf09rat'itiic Mitiiodi* Ffon aimiiavitiaa in thaaa rataa 
and tlioaa pxaifioiially sapoirtad fair osialata and Riatonata# following 
general itechanisra ^mm pfO|ioaad« ^iliieh involva tha diaaoeia-
tion of tha itatar molacMla aa tha aioir atap; 
^ \ / \ 
V C ••> ft 
(A) (B) l i (C) 
(n) 
.0 — :i 
.c«^ * tf 
H 
in 0 • fi «— o, "^  
'a 
! 
c-a ^ [uo 
(1*2^)^ f5 - a • « • O 
I 
HO O - H 
/ \ / 
<i,,o), " - ^ 
wlwi«[(lr^] raoxwMiit* tiw aonomtcvtlon of tlitt total 
3 
* "^  fi 
V 9 * * r^ - j ^ 
'1 
<\ 
r 
-•i li va K^ 
+ HoO 
^V3 
^ * * ^ Ofti^^o^^cei,,. L- +", gO 
CIi« w^  J 
at 
li^g>a ilmld mmdm ia tri« vi«i^ al»« mp&euiva o2 ti:%is cseii^iivi witis 
Vtmtm in « larc^ cniaNir <»i o«iiajr cUtmiiiiai ( i l l ) 4K»ipi«iKi« o< 
IIIMIIIHI>IMII ima fliaciGMilMMi:: 
9^ 
G+crCiijjO)^  --|^^-» cvkihp)^^ • f^o 
CrC'JgQ)^^^* ^ > Higher eoaplexos 
C bis and t d s ) 
B u t e » Ssl^jj.j V A^ 
^&-\ L [irj 
[c^J 
wh^m K ,^j| «• aisaoclati^m cofintimt of ff%^clfia» 
%•% 
Csfjonaon tfiportea tiJa foirMition m t e o rsf 'wmts-
8ttf>3tit»ti9<1'-chro^t»n€JlJ> cor^lessss i n ettoiifms egediuia f o r 
ni**^ Br** s " , IT), # ac^** end WJ?** l^ ^ prortosed a bimol^cii lar 
and 3 
tfwehiwiiaES^dlacttsatta ^ o u t t*M% piroton eBTt>i«|tiltv iir/r^lviMl i n 
tiMi ifwelianiwn* "nimsiuB f«if>orl»rt the fotraatiwi of »««?>-
iiui>stitKit»d«»dliromiuiii(X3:2) eonnpltticciti w i th cx7i»r # l 7 Nt>j# MSO*^  « 
HjPOj* o te * lim mfgapotm^ on aaaoeiat i¥« intainshange ( l a ) tyiKP 
meMshaiiiam avf^  tha temperatuim a t Mhieh ratas f o r a l l tha vaae-
tiotia wax* mmmm Ciao«>lciiiatie tanparatoxa) was 50« Casay*Joiiaa 
IS and dMMSdla atudiaA tha fwi^aniwii of aubatitutlon macticma 
of «Kl^ le*ip«Mitaaqtto«»ivoraivm (lXS}eeiapla9iaa a t 2S^« Thay pvopcNMMS 
an aaaoeiativa i.n$mmMm90 Ua) type tnaohttniiNn fur aeid*-
indtefWMfwIant mabatitation pvocmasas i n mqiatomtKomimn(111)-
9mmlmmm0 tMit a aon^vmal toaaa aiiah aa CriH^^)^ QHX « ^ppaars 
aa aaaa>a 07 a cnaaaaAaaa^a i>naasvnan9a % ^jt* •aBfaian«aaM 
6 0 
36 
"1:orritley * i^fkmB miA nana 8tudli<&<9 tlm ytlimtltm of tho 
intorcoRveraiofi of quai!!ri«*i%9fitat!« m^ i^mpm^'^^ntatm diirmiitsa 
(111) - KTSTA (aqiio) <sorqpl#3i9S anwH th«y attmaptas^ to iarmtlfy 
th»5 sixi-afttttata coiapX®ic« '%© fotiowtnq RwcHwrilaRa was uiroposMs»<li 
-Cl-'^i 
H 
"f«>9 
'The wita ©luafcion flerlved mi th® ba^la nff abo»® raedteniara la 
3 S 
37 
f^marjaa and Sac^ar attiAle<'' tha kinotlca of forrmtinn o£ 
aoetatopantaaamlnft chVOmllimCXXl) ion itxm aquapentaammlne chromium 
(21Z) omnplax in Msatie acid • aodiipi aeatata media* 
tlia saaetion IMMI f«>iiiid to prowtuA by ti#o &mearrmtt paths* ona 
of which wm indapandant off[acatata ion]iihila tha othar was f icat 
ovter Willi nMnoaat to aoatate ion concARtration* fim tm^ etmth* 
twita for ho^ tha atapa and aomapoiwliiig aetivatioii rsavamatara 
xy^± 
wem ovalttatod* ftm msitits Msra eofisi«t»nt u l th en n^ 
^mdtoKiXwm for tStm aofttate ixi/BrnptmArnkt path «fia m ^ XP 
( 3on«f»air ) foac^anisii for ttMi aostftte d«pfm^fit ^sath* 
?>^<iaR09 for the l,«M^>poir format!"ia <^«a aiitaia<id« 
38 
f^«^^aa iKRrie«ig»« CNBi^  oQ«8i!bilitie« I n ^m jf»ife«tifc»itl<^ 
n^aetiono of oetii^<1ral caiE>2.#3Qfi8 (»i tli« basis of. activatitm 
f^ersrwils^rs and l inear free eimsspiy roiati'mjiaiip* 
39«40 
Kelm Qn«1 M s eoiroztors in9»stii;iata6 i n clataii tlie '-^oha-
niarra of foraaticw of oxalal^ co'^lax of cshroaltsradll) in euioeaua 
m*^lvBBSf *S^ rates of sucoiissiva osmlatei ad^'itinns to Crtrig^)^ 
«(era found 4*0 x 10 I mola* s # S*3iei0 1 laol^ s and 
t«4?£l0 1 ioola s $ rBS|MMStiif^l7« i ^ associativa taodtianism 
tras pTO^owB^ for t^i^se saaotions siiMsa tdia fomwtion ratas ara 
tmioh faatar than the! HLqm^&x'mktmT mtdMmQ» proeoas* iSnm na^a* 
40 44 
t iva voltiiiaaa o£ actiiratieoi '^^obtainad for tha oscaiata anation 
raaetians as %mX% as for cis«^r«nsiaaiaari8ation of crdi iO)^-
(C^O^)^ i n natar end tidsiad soivants fiirthar aupportad fStm 
assoeAatiim intorehai^^ tmeliwiian (X.) type • 
42 
Kapanaon and Rinaa x«i>or%ad tiia kinatiea mn& ntadhenisei 
of fOffMtion Mid aqpgation of hypophoi^ pliita'HaMWsaiqiii ( I I I ) iam 
a t ^MIO • tha nat rata of fosiaation ^mm givan by aqaation 
baloirt 
.^ o 
1!lie valuos of t l ^ rata eonatanta eawl tt iair thomaoasrniBfAe 
r,ctlvetl'ia nota!Wt»»rs ^ffwi €i^alaet«H^ aiirt coftipsEe^ witii the»sii 
of tsm Mfsstie <^ata dbtaitio^. fo r airaHajf eKJnplejises t>i?ewlnM8ly» 
43 
CffCi^aJg Qfid fSTh to form ch«rd«a(I ' - ' r ) - nr.m cK^nlex a-iac-
tror>hofKwetrieallf * 1 ^ est® wss fonna to b® & ! » f i ^ n t cm tlisi 
ctf"-) tfa® th© traaisfer oS ligeaid isam rniteivsrihsim to inner-
©ntor© f»n^ « ?t»8 ^^seeat rata constent W&B ttm llmsar fraction 
o€ pn {fii^ within a nafrow pH rengef.All tUt® posslbto caaetlon 
patha at. s i^ 3-10 '.lani <ltlsetiaaaa faff eonsi^zliig tli^ atapidLaa 
protofiatl m at nnm ana fiofmaticsn of varioas chronlumCXlI) 
hydicoMO apadaa* 
44 
Duffy aad Earlay studied tha iniation« «fatar m)v&%maigm w ^ 
lon^air foxMatian of a<|aoswntaan»iifM>h-«hvonilt»i<XZl) ion i n 
aoidie aciiMoaa aolxiti««i8 csontainiiirr ehXoslAa or thioeyanata 
iona« TMLocpfmnm^ ion wm found to form Kiora 8t<ri»l« ion«pair 
and fwaetad moia rapidly tdian c^loiida ion» fioth anationa 
\mtm mlcnt with xaapacrt to watar aacdianw* tha caaulta naxa 
intaxpsatad on tha baaia of tlM rata lindLtimi loas of eoordinatad 
watar foilowid ivy eoil^Mi^of tlM aoiiratian ^ l a l l to f i l l tha 
;.G 
mx»% dbl3il<<« I'ms In Rietiieiiol • "-mtmr Bohxti'ms 'mitm report*** 
e t 30, 40 and 60^ by BaltiaNirgep undi King. '?tm rat© a t r^ilch 
"•^thanii r»«r?>la<»a w a ^ r in tbo f ls» t en )s?^inatinn ah^Ii r^ f? 
cShfOBilwridxi) itm ^mm iiastffiinlTW cm« ^ma tmm^ f^  b« ^mry 
oiiBt Xer t o th"* rat?^ es^  ffsectiantre '^f imfsraff l»«iti#=^ ?irn 8:ilv<^nt aii'^ 
fSm Siffst coo r t i f j a * ! - ^ «H»11. o f miPTrAtrndlS) iow i n acitiwcmo 
molnttnfiim 'rtm «t»» a t «i i ieh ch l r r i f l e ioa aiesiaciaf^s *iK*n 
chi!tw!ltftj(2lJ) iosi wm tnm^ t o !^ mef-neoxi^^mtBlif tenfold Ify-tar 
43 
than tlie swnlaiRtmBat of matlianol. f^t&r tm BaltislWEqop « t a l . 
stiidi©^^ th» thiocyanat© anation nt hexesKpioehrcnIwsdxi) ana 
f9entaa£pa!i!atli«nf3i«^coraium(XI.t) imta in water-^»thanol aal^mnt 
with 0*308 moia fracti^m of mathanoi* T^ iollottim mBChaniam 
ifaa atj^oata**-
3 * m 
CiO.M^* If"* ^1 ) trana^fO^MB • O 
24' 
{ 
24* 
C.OLM'% H* — i l - » cu^to^m • o 
2* k- 2+ 
CffO n^ • M *^ ^* "*' trans-CrO^MN + O 
2"f l^ g 2+ 
CfCLN + M 'T "'•t iKixMii^ cis-CrO.MN + Q 
.5 { 
46 
T^y end riylcwa «t»dio^ th« T^inaties of 6aR|>l«»3ciri<7 of 
cwiletse to nftfitaartMfia^afitt^ KSlistmdliiniC t^tX) %tm in the t>ll i w i ^ 
3-4 ©rvS t«m«ratMin rafKfw 4D-i60®« 'li© iralvms of th® sat« 
ccMistiints do not ^tiffer airmifleaatXy feoia t!^ valtvis dbtmifitd 
for th© wiitRr fi3«:*i8«<ie of t:y> teas Cr^tii^Jgiigfr'*', th^.n 
flrucrmatsthat tUft j»actlan nro<:»s«W* tjy a disstxrletiim intef^ 
caangn ifiBehaaiara* Ti*» followlnfy raechanisBa was '^jffmoasd; 
» 
rcr{Wi3)gf^q] * CjO^ y. "..',i> [cr(mi3)5iJ20] , c^o^ 
_, 3 * 2 - k-
Icrtfm^JjHjO] ^ CgO^ -* "> product* 
34" •• ** 34* •• 
jCrtUHj^giig^ # S*^ 4^ * ^ peoditets 
"Ttie rfttft aqusticm d o r t v ^ cm thfi bautia n£ alKMr« mecnanliMB II«K: 
k^ K Kj 4- Itj K [M J 
fcaOi^i Cw*l • »^ • < K \ • '^" l^ "*^ ^ t^a^T 
47 
%te»« « t ol- wfrtirtis?"* th« tenflneratawi jnitp s t t ^ of 
c!ii!e»dii^(XXI> @M iho&i.wnilTt) i ons a t 2S? Die folIONring 
?>oaBlbl«» ?ii»c^8n.ifli» of, a s s o c i a t i v e natttm W&B •^ropnimf^.i 
ft* Tc 
11^ ^ 
3 ^ 
•lih 
is-, 
<»• I l ia 2 ^ 
-^1 
34-
'a 
r,. :a' 
^-2 
Th© rate aqnatimi with sjesoect t o t t o eiKwr© rra^cliimisn I s i 
^ ^ ^ ^ SS til**!** tfTifi.mi'&im m tiaiSSimnmSiKmamSmmmimit^^ mttrnm 
ititMin K ^ * K ^ audi K _ ax» oit»taiiation eonatonta and K^ and 
K^ a m a«it«r»4plMim fai i iat iem eonatanta* 
48 
s«T«D» Lo and Ti»'4»^fimttm atadi*^ tlia anation faaetlofia 
of haxaCdiriaathyl aalphoxlda) ^roniuRi(ZJ2) by x**» vf^ and SCN* 
i n dtoaHiyXaitli^oidLda aa a f««Mition of aancftntratian* tancKi** 
latttfO and i o n i c at ianoth i n both oondit iona of x* i n mtmmmm 
34- 3+ 
over Cr ( Me, SO )g , and Cr (Me SO ), In excess 
o, 
natssm of snlutimi siamrles* ttm fmactioffw «i»x«» intsxpcDted 
interrasi o£ (Ussoeiative in t»rchi i i^ RitG9ianl8m in t«^ch ana* 
ti'yn mm '^sttiwbla msu l t ot d isaodat ion rmly t4fi«n tho Fnimi 
occajDied a tsosltiort in t^n f i r s t sr^lvatl'm ag^ h©f*5 of t.tvs 
ctarplfix* 'Sha prqposad macsianiani i a as followti 
LGrC'%2 -^)gJjX -^^—» [Cr(:%2 -^ '^^ -k '^J • "^2 ^^ *' 
On tlws hasia of fi^ovia taec i^QiilaiB tha £olloidln<i Batai Im* la 
<a) nh^n the ca'iplex la In f»9ce<9aa« 
(l>> iSiMi « ^ K ia in esGoaaa t ^ r a la a poaaibllitsr ^ Ion* 
tdplAt focfsatloii 
( ion* txlpiat ) 
CrlMa^soJ^^ax ^ ) cr (HajSOj^ x^* • x^ V MBJ SO 
Tha orarall nnchaiiiam for [yC] in smaaa yiaiaa: 
wc [x'*^* k*i«* Lx*]' 
4 U 
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h&tmr 3»'?*D» ho and D.J* .^tts tm&s e»ep®titivm anetion 
->|cKCl<r^3GD)g"] * rsog^o 
t#io»s rr io tij or l®?""# hea been sta^e^ in ttogC^ ots oia© 
tespsrataao ea a fionctiras of the conesntratica of '€'&[^ CiT 
"i:?!© r?^milts «ero cort>otible mit^ & Associative infcpRtihfflifrQ 
(t^y raecheniara* tt tias obs^fved that aaeinni tlio coarsen of. 
th© imeKStiofi lon-walr ^9 wsil iwi- tcitilet formation occurs* 
fhm ros^lts w»r® ccsisistant with t h e i r previous r e su l t s on the 
anati-^ of CrCHogSOj^  oeparatialy by S-r ,Rj and c i « 
SO 
f.f* swaa«fla ana S#T«f>. l«o imreatigatiid the eletalled 
laeaiaiiimM for anati^^laii">l»aiielii(| aiwl aolimat i^ xeliafv^ of 
e!hi?oi!ili]m(Z2Z) with Taciooa anlonie Uqands (x*) In ll«it-
dlmathyl foxmaniAa* Rata csoaffielants* anthalplas ana afitfx>» 
plea of aetliratlofi nam ObtalnaA for anatlon of CrlDHF}^  in 
PHP by »jf*# HCs* and cioT , «« |«|U as <»mtian<3a rata data at 
aingla ^^mparatnre in tha praaanoa of ?ic$*and if^  • ion-pair 
fofnati'm qnotianta waia aXao aatinatad fran ^la kinatiea of 
ona or both raaetiona for Br% ci*«tics7 ti^ and cio^ , tiia 
r ± 
last eestiits mj^tcftding «n ciarli«r inaecttratss astliaata* 
'may anonadt t^«t "^ ve iryliiefit- asiffilianga s&mm w^t& ^fv^fmrnom^ 
mXifihtly h? ioii<i^alrii^ mngi rmiqhly to tdfie amm mxtmnt for 
e l l t ^ fd»ove enicms* in t2¥» basis n£ t!iie »3fp»rif»»ntal. 
pRfmits tSwsy ati«T»stf»^* «a ea^oclatiw* inl^sQ^ant^ (I.,) 
fit^ifnism ^iHic^ i s as £oli€»ifst 
3+ k-» 3«f-
' ^ ' 7 0 7 
l^wsBt Vhm rat« a ^latl'^na d»rlv©rt ©»*: 
''aba - H ^P I>"'JF / < ^•^IP t^ -^^ r > 
Si 
.^ ykaa a t al.atMdiiK* tlia jTolioifiiig Kaaeti'^n by taape« 
mtt tM Jwp and mtOiypmA flow «aalwi<|aaa: 
]^ 
o 
rtmy ttivom^ that tlvi kiiMtle fiquilibxltis constant K^ « ^ j / ^ 
was In <j*5Kr»(fli ainw«wBitnt tiltb tiiCNWi dbtal-ntK) a|MWBtJWc>hoticw»"» 
tirieall'jr* 
!i9lba e t ©l 8te»il*»(f" th© kimstiea of i^ iu?t->entaatftslw»-
chr^ T5.*3mCf:>'3;5 td.th tM'Tcyane^ '-** ion» "Sie It^sic strength 
ntgpiist mm mtxvSLlm^ cm ti«s catR an^ tN^gydynafnie activatioti 
pai^aatora of th© ir?actic5n« 
rjfiocfeiGii waB €is»t orxSter &a& t&m rat© c^sx«r®ii#*^  «itJj incnsaslnq 
l 3 i i c stf@nfft|ft« 
S i 
/>!igtipt« ®nrl B«n«rJoa «t»(31e^ tl*B kinetics antl raochanlara 
of fo«?nati'm 'if [crOati«|H)2{«'^ n # ftam tt%a raacftl'm of 
cla*|cr(BlqH>2C^)j ]^*ittfi a#a - aipyrldyl or l#iOM^iifion» 
throlin«* Hwi wiaetlTtt wut found to l»« firat«K>»Ser with 
vmmme% to th« Ilgandi eoneafitratinn* Artiiration nmrmmtrnxm 
wtm mtmmiifm&» "^fmf mmfl«»tmA that nmtmtmimm in^rolmia an 
outar-aohasii asaoelatlf^ of th« twaetanta fol lowed hf tr«na* 
foziaatl'm tm^ <91aaoQiatlf^ of thm autar*«i>httz«i eomplmnm 
54 
aykmi ttt al. 8ti>dia<^  tha xvaotlon 1»«tiia#n pantaatanlna* 
aqiKMhitiniltini(xiX) ifith glyolna mnA aliOMadl tha aviaanoaa for 
a diaaoelatlira nec«iania»* Thm ebaaKvatlon* that rata oona* 
taata for 1*« 2" and •ava oliaroad raaatanta aa wall 9m ^ lye&na 
•MAMaiien wmm ooa^antola* waa lnil«««ivia of c»*4i|0 boiii 
biMliiiiiQ baiim tlia a—lwant fa««or* tha foll«iiin« MaabanlaM 
43 
•mil. iP f lUw. i i l f i .,ii..iiifl..iiii •••Iftiwi 
^db& 
Di*]4.U^*KjpK^Cc^lyJ. 
5S Kaaaaa«ii em^. Jsf^mm had discmssnd the nechandstie 
ii^liem%Um» of kijMrtie data for th^ £oi:^ Riati<»ii «ifid aqimtiem 
r}£ «o»ii} « iMmtamm f^ie elixomivBiCm) c«aapX«3Wi»» They <rt^ i<»<S 
th<9 fofii«tloii of cr(8Hj>g'? • whoxe K*= rics**, a:ijCOO*, 
ex*", »r* aiwl X* ffom Cr (HH^J^HJO^"*'. '^ Jatw eonatttnta (le )^ for 
eornflpontfiiig anaticm roaetiona hwf» hmm dbtainiMl tor a l l 
aiwaot X • I , Thay oonolutea that Cr<liH3)5ajO^* mtfilbita nota 
(Siaaoelativa oharaetar tliaii CrlHjOjJ* in tha a«t>atitation of HjO, 
Komav ana hia poworliara^ atutfia^f ttia kinatim and 
tnooiiaiilaai of tha «0fa»l«i fotaMtlon batvoan hanaanuoaHrOHitwi 
(XIZ> and nitrlXoaeatio a«M toy apaotrophotoiaitfy at PI«MO*S*§«0 
4^. 
and XL = O.IH. 'Tfm enaction i*«« fitat-oxifiteff wltai xwapect 
tf> Cir* atvl t«t^ conoi]itnitiori» fli@ esotlvattoii !^i®r«iy cssl-
cmlate^ waa l«07x 10 *T/K rjolf»» A rmchanlsii was wtoqestad 
in v^icih tim -wmoval o£ on© fJgO r!«>l«»oulQ from i'^'rin^^^l^J 
57 
icms &A tbS.ocftmmtP' itm* ^'ciuilibri'TO mnfl MmttXa data wiJiis 
©vp.ltiQtstsI for tbe» f-srnati'm rif i s l ctsmlese «f '•cs" wlt^i 
<:^0>g CrCCJgCl)^* af^ <:^ 3'5>5 CrCCiiClg)?'*' '^m fonaatlan cons-
tmtB for :%!n tir?» fonart to la** 10«4 a i^ l2mB F! * for Crrii CI 
en<1 CftTinJU i?es*^ectively» The klirstie (ftat® for onatissn foilrniiidi 
t*ia *^3^re33loii« 
^an " '^  [ ' « r j / ( i * C [tCS*!) 
< A • kjkjjA.j and C » I«2^«| ' 
and wtjcm eanmimtmnt ul th hrtth a l i ^ t i nc i s^l and ioii*«palr 
iii««^anlaiB« 
98 
KliMtie atodlaa vmxm earri«»<<* oat ^y c^ashl «e al.on th« 
eomplax iotemtlon batwran aquaehxcmiiinidxi) ion and EPTA 
eatalyaad by ^^^^ or NajSSO^  a t 2S %# ionic atcvnoth 0«S M 
end ph • 3«5 - 4•80* I t waa csbaavvad «fiat mvin eonoentratlon 
of snTA or oatalyat i«aa in laroe axesaa ov«r miamBi\vomiwp(lil) 
ion« tiM vaaetifm to fomi Cr(X72) «• KPTA eofifylax waa f i aa t -
K 45 
or^vtt t«ith rosr>ect to t!n i^iiiachccxfdts^di^) ioa eKTwosntra-
tlT^ arH tii«^ rat® iuceoosotl witli InesBasinf! coaccmtmti'm 
of "'^ A Off cotal^st* 
.:tQ:iA'!7a3 nt e l . sfiMcy' t ^ IdLiifstics en'*, rsc^itmlfss 
tri.:mtB» ^tea^otc-KiOfnhsta enioa'3* "Zw oSSncto o2 ionic 
otjcnnffth Q?I^ tsKpariatiir^ on tho irrt?^ t»;tn dbs'^ s^of'^ . 'ih'?^ 
vmsxi otfalttQt»^» 
61 
*.;ioara a-itu cjiiinal otei^led th© I^J-netieo o? tiis renctlon 
rj^ t^enen rst!iyleno;5iaLtliMtQtira-sootRt^ C'^Ti) taltii c^ cjtio-
tltfiMiat in .'a r«nif|c3.3-4-6 • triie rsacsi-^ xmB oli®.'*rv^^ 
t o bo ^Afnt-orf^r mitii E©s:^ ©ct to tho ^ronlmi(III)concen-
trat ion «i!^ procnofWl only turau^h aiaao«iati<i« of eoorrii-
nated water raoloealas o»it i£ haxaaqaoelisoraiumtJtSX) an^ 
IrfdroxQDmit&aquo-chcor^iifRdXX) irma* The ratw f^ th© 
r*»aetiin %«a irutepiinaiint of KPTA CTnorantra^-J-^ns* iSia 
follOMtifio nRvehwiiam naa mxmmmtmAt 
4G 
34' K 2'¥ 
cna til© mt© l o ^ (^ <?riv^ »^  cm ttie b a s i c nf nbovr* i^ sacStnniam 
was £o»jttid; 
l5 !i!J^iZ£!i2[cr(iii) ,^ 7 
1-1 r. 
a 
ifAnm [^«'<X3r.t) ] » [ c r a i g O ) ^ ] * [c r ta iH ' igO)^ ] 
^^ i + K / E H ' * ' ] 
TtM» VAIVWB of kj^ # kj «i<A K %mtm ^ tmrtidrmfl'k^ tmA k^ twins 
IniAepAfiAifit o£ thn eoneentrst l ons of aXei^ols* K tms 
6 
sliqht^y doereasad tilth ineniasiivi eonoantratlons of alcohol*. 
TtMiy timSm inportant obaenrationa that hv^roxopantaaquoeAromlvRi 
(XtX) l a moxv X4id)il« than h»xaaquo«dijpoiBluw(XII) by a factor 
2 
of 10* Ca ta l y t i e a f fec ts <MI tha xaactlon ra ta wntm al^fo 
foitnd* Afl'^itlona of small amounts of hydroqan r>arewi<to and 
Iwan (XI) or paroxodiauli^ata and iron (XX) to the reaction 
47 
t 
Hate • ISg [5sf<^i2'''6^tl [^*-lSR^-l 
1m s?">ntsti.'m f o r a d s s t i t t t t i w i W&B fooS'^ t-3 bo nil (1*^ *?9n^ »^?it 
feut i!Kff9p@M®afe o* i « i i c sfcssnfftli. r r t i / a t i a n i j a ra tm^ra 
f o r tui0 smaction nmth Cc»|^ > i«g© calctslat*^'" &n^ t^grs ccwrsai??^ 
' ' l i th tlM* ia?atar me&imtm »®t^ on t l » feaai© r»g t i l l ed cm ©ssocin-
>ii!icj ®t « i . l i»m ®ti*3i»1 tins eftailibritJKa ®ni^  1?i.ii#tic» 
and ¥ 
•'Xjc-aij^ .ciigCOO 
/ 
>*a - «V< 
•JOC-Ci 
r*{'»ta 4 -
cni^Cfso 
• • ( atli7le»*!ll@"Tlfi© - M,!"i,H#fl'- tetreaeiitate ) 
fJX-CJ 'C l^CiJgf l l 
iia-ig-Ciig! 
48 
IX-CI Ig "Cii^-CfK^ 
li@dfcr» 
» • 
(R-(hy^K«cyethyi)®triyl€*iio^e^lBe - B#B#W - tr iacetate) 
crC' •••CSiq.^ H 
iCHjj- aigW 
«»QQC««CH. 
«i^tn 
C } I J | * * C > 0 0 
( «thylanaAI«adfMi «• lf»ff«lt'* triaott%at« ) 
4r. 
I? 
'r.tr-cu. ' 2 \ ,-^**T» *',» ** ^* "* ^"••*'» 
3 -
t I 
( R«»v«©stra^ »thyX)'~«itdiylone!fU©rrdrMii«4i#H#H • triacetate / 
I A i» 4 for odta ainft 3 for lus^tra* cidtrfttimatni «n<« aeedtra, 
Th«y fo'inrt that Vtm towmtlon ean»tmit» oi [ctxty^^ 
inetmemm in thci f^ll'^iiiiK? o»ter witii th» ii«txin» oe th« ^* 
Br** ci'"< aircr < tic:s >^  n^*( n* • m* orfl«r •««IIMI newt to hm 
xmlmtmA ^mctly to th«t of ^ M iMittleltr of th» ^*» 
TtM rate eoiuitiMits ^f tho maetion (1) aro e«mpaz«k! 
witn titioaa o€ tha coKvaapoading rmaetioaa o£ paiitaaqtto«>afM! 
paiitaaNwiMMtfii£ondliiRi(Z2Z' oonplasiaa JLn MHi Tablasft andl 7 • 
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lv» kg valuta ^4liieli cormBnvmA %Q tim le&tm eonatants 
of ths mUktion vm&t^'^ma ai?e not so a«insitiVA t^ ^ th«i t^mnqm 
of aattixnr of tT ror tu% .tlvwn anion x* , howv^mr* th» «ftjam«f» 
o*' tjhw kin^ of €*hro"''lt8r9(l3rx) eorapIiMiaa ctivaa stjrlkinrrXy lar'iw 
chani^s --'S tl^fi j-at*% camstanta* '"^ i© 'Jij^^r of jTr^aetiv4tins l«i 
[•crCa20)J^[Cr<»i!i3)5zpj "^ '^ « Tcrinisrttra) CTI^^)] < [rr:*?^tra)-
" ^ s«te3tttistl«B jEwactlTwa nf «SiiromitimC:rj:i> cGr!r»I«3e»s 
i n thin woaM S I B \fe«F t»^ i^<3 In cfw^acisloti t i i th both t i ^ aoi^o* 
nf»ntaiKpt>* aiK*l aei?^ow«ntaa!i»idTWiijPor!ilti!!iClI2) conr»i®i8f5S» 'Bm 
TfimxXtB mm i!»spl©Jlnerl oo thm basis that cooirtSinati''ni of "s^ 
rwaues?a tiw» pcwitlws chee«ie of the central ctirordtimCiyx) Ion 
and jL#ada to ioosoninri of the Qr^cii^ ^^ ^^ nd* in# H-sutostlttiafit 
qvoap» in tha C^rCadtra) C^ iJO>3 tmA Hcriem^tra) (n^Q)! cornpimmm 
have no i!K90x61iiatliig a b i l i t y for tiia wmt&X ions* In tim otmir 
hand, itittn tha i^ adbatit^Mmt ^rm^» of ie»**h«ra ooox^natin^ 
a b i l i t r * saeli aa CHjCOOfi. ciijCfiiQHt otiCH^ococH * or ot^coo** 
tha k^ valuaa ar t fWMti iargar than lOioaa of tha fcr (adtra)-
(H O) 3 and Ccr(iaaatra) (ti|^) 1 earmlmimm* th ia f aet ang^paata 
atrotmly Vhmt tiia Cr-OHj bond rtq^^va i a aeoal.«ra«a« bf tha 
tranaiwit eoortUnatlon of tliaaa pand«ait tswoapm to eaA%sal 
i^romi«ifii(ZXi) iona* 
fha 1 ^ iraioaa uliioh aormi^ood to tdia rata cMHiataiita 
of tiia aiviatia« i»a««iona aga alao ra lat ivaly Inaanaitiva t « 
D 
thm cSiwirie of t£n» nittnm of th® S*# ^ ^ OKtfsr o* «Mt 
r«aetiviti«8 of th« aqpiatinfi raactions i s vary similar 
to that of th© anatiofi x«iac3tir»i8* 'mmmtom a situation 
Bii'dler to that conai«lee^ for tr»s sna t i^ c«iactimis 'nav 
also «»3dat f5ff tim eqiiati-»n reactions. 
63 
niaiT: aii^ . coticirftRrs prn^e»i«1 fwcJianiatic inforrratir^ns 
f r'v-i tlw o^ fcKSt of nrmumnsn rm tlw» >lTJetics of acww ar!ati'*»n 
rfiiictir'^s of afiiitsi5efitaa!tftd.nf»col>altC22l)# -sfiodi^mClXI) mvH 
•clirenl.uradzi) i-ms in aciaic aiueona 0oluti"ins» "?im anatl'ms 
of CoCmi^ J^ HjO^ t^oy c i" and riO #^ah(mij>gH2Q %r Ci* en*' 
Cr(H4i-)-ii20^%ara studiea in acidic aciaeooa aoltstion as a 
ftincti m r»f ntioleqphiie eoncwitratimi mnS. pt^smitB tioto i»5 
% bar» Ho kinatie eviAanca for narticiioatlon of ion-
paira cacmM be obtainer?* fha voitffaas of activation for liAta 
anatioffi xaaetions %#ora 4> i«4jtO,3(/aiM2M«6o8)# •2*3^: i«3(aM 
in.^tii), ^ 3.C^a.7 ( u . a M. «O8}« and -4.91 0.6 a»3»oi«'-^ 
(uw iM»9(^)« raapaetivaly* tiMiaa valtias wira usa^ in eoa-
junction with tha volismas of activation for tha corrasi>onaino 
aqoatifln raaetions to astimata tha overall voltvtia ahanoas 
incurred ^^ ^^^ faaetiona* Tha latar could than ba aoR|>ax«dt 
v i ^ indapaA<lantly flbtsinad valuaa of A*V • tha laaults vara 
(fiseussad intams of an intarchanga maohanisai and eonoarad 
vtth ^la data laportad in tkia litaratufa* 
5^ . 
70 
.*lrfu l^. y@er&r &R^ :yk®o rwported the atnrties cm 
tAm \itmt$,co m^Ck neie^imlsm of titet mm:ti,"m ot ph^mpUtxtm 
C:ij^ '0^ end "-p/i^ '^ J ^^^ afl^iapantaararalnechromlumdll)* Thm 
raactiDii {p;««l-3) yiel^s^ th© nho«5hat?>-coft|»los <:r(f-Rj,)g-
li .pr>^  t#i5ch i e stablfs to ftirth«^ir rr»act,t'~n (InoXntiinr? nii^ 
IOBB) fit tmrjan^ttiir^ 4?>«^ CI^  lfr^.itlr»i*t»f* ' *irt3^  tfi^ Tlw»tlc® 
( Xt» l«00:v rji<:i'i^) (^^(^onGr I ^ B (Sbtalne^ -^ far ?iiit»tr-anii«»jrtj 
'^r Ro f»»*>0ii*tnc^  an tlw t*^ T<?r>Q2tit«En« '.'cttQ constants ff»r 
lnte»3?{Sianf^  learlin'^ to i^iQ frojsmtlo*! nf? pii03j»?i3tf> cCR'ttl/^ H 
trer© o5 far es cmil/! be* a3CK»rtairifjdi Idpntioal ( IfejKlSg)^  -^d-th 
k(5'fb)» i.4SXlJ*^Q**# A:i*» 25.'> kesl taol©*"*, me.^tfim Ul 
ca l r. >ole < c;«»!r>®rlsi^ -5mi w?jro vm^ t^tSi otiisr ntaf^ifa 
patterns £cir Cr(ti:ij)eM2f'^ \ ^ss lntor:KjdiGta Ix^ t^ jr^ -^ n t^09« 
for Cr(ii2^^6*«w» ^^ f^^^ h&n^ i lis ©ssiftirnent ) BTU% cotmi^ig^ 
:'2^^ »i^ of^r a* ©fitto i«n0 rm tkm mimv heiitl C Zcl ) • rtm 
tjmviniMily <%ti%isniii«ia imttrwR rj*: act lvat l n for H^ O ma^an>r^ 
on Cr(^?HJ)5tl20 ha^ tjnun lnterr»retaS In t«rraa of an l« 
«83ltnn«Bfit. This mm t^maimtmnt 't-riLth joRaetivltsr '>«tt«iriMi 
cmlv i f I t «fas aocttntflicl tha t plot* of loq k__ aqainst loq-
(Kjg K ) yl«ia«s«l 8lop«a of 1»0 for an M 'n»<jh«ni»m af^ 
l«a0 th«n 1*0 for an Xa tnaehanisnift 
IT t' 
0 0 
71-74 
TVaql Qn«*l Khwi i!wm«»tigat«#l th« kirmtles an<S 
mee^iaaift^ of aiu^ticm of t^ xacKpio-d r^omiumCZZX} by a variety 
of cnOstyxflle aci^^s both in t^iater anrt fiat«r-«than<^l "il?ct»iraa 
ufi'^r vaiyinq condAtiona of t«!tr»«»jpatiiro# ionic str*tv^*J»# 
r>n# solimTit c^wnoaition cn^ Ii<ian<^ concrerstratlfm* '^ "n the 
focsdo -^ f es"?*»tfl: maital reaalta on aa-'x:5.atlw* intfiirchT'-rirs 
73 
L'allrfn a!v3 his co^p r^J'jcirs atiKttof^  thm kiiMtics of 
enati^m -^ .f cis-diarnia CathylQiv»«1ia?uine) (c^ c^ ftito) cIircrdui(2Tj) 
carpX'^x ioe by cxalatr^ a-^oiaa t i n^ r tiKJ varyirn i^i csnditiona 
of te-flr-^ratuffa^ pu$ %lc^&n^ ccwioMitraticm on*! loaic s t r emth . 
nt>ser«m<1 isR<n]^«>»fi«st-os«1ar iMits comiatcsita exhibited a oosiolax 
hydrogen Ion ^^e^n^iw:© and a raass l«» »ntai«aed fiwit~o»!!or 
^«pa»1«ace on th® fomal oscaXate coiK»ntrati'"U '^.m following 
aaaoeiativfi in^tcdiancp (laJ rrrtchaniare was «uw|©at®^vi 
ei*-cr(osi) (4m) in^o)^ '- ^^ ^ Cr(ox) (an) ('IK) (lijf^^K* 
ci»-cr(oK)(»n) CH20)2**i*^20^ i^^' •> ( Ii»*l) 
ei9-Cr(ox) (MI) (HjO)^ '^  fi ' ^ ( I P - 2 ) * 
< 2P-t ) "' ^ ) (IP-2)"4H* 
ilP^Z) ^ " Cr(ili)2(»n)'% 2 HjO 
5G 
"^fm <3b9mvimA r«tA eoni i twtt <$eriv>e4S Cor l « rnadhflnlsfi 
OD8 
hy< r^o«imn oatalato Ion mn^ l i • i a the* f i r s t a d d d issoc ia t ion 
ctmstaitt nf t-l»% aqua l iqan-'a o^ t l io coiioXa!»£ inn* A two ato|> 
cwcalat!* nnat ion twwaiMiisai ha® fo©?»n dt^acrlbad f.or t h i s coir>3l^« 
icsn an*^ othar c^alato &»^lmwBB oS ctnro^isltim{22I>» 'am '.r^dfianisra 
was i n i t i a t e d by <ytm oin%4 <31ssoclartiicai and iscsmslaetiari o f an 
csjeaXats>-o# 0- iigaartd t o o x a l a t o - ^ O bcsulin^ mn&em Aasoclatlir® 
intesdiartitia o£ an ion painsd c»ealata specioa f o r an aqtia i i t iand 
waa Qror>08ad t o oe«stir i n th© oecaeid aters aa a dUrmrt: cxxmiiMiueAc^ 
o f l igana isOf!iariaati(m* ?!»? ttuclianiafn aueeessfull;^ axDlainea 
diffarom»»8 i n ttm nature o f i ^ t i v a t i o n paraonatera f o r CMialata 
wia t inn o f 03caiato«oc^>la3cas o f ehroraltBn(XX7)» 2t alao gfimara-
l i aad t o provida a watar aawiuuiga iRacAieaiiaa f o r c^alato eormlaima 
r»£ cftirondumdl?) l ih ich a i d no t i i » i t t^M anation ra ta* 
QircMiiwiiCVZ) eoRfMwnda suflh aa ctirorfiataa* dielireiiHitaa 
and TMir t ieular iy <AroRilc ao id aeta aa i r r i t a n t a o f tTKi ak in 
fliid fvtieotia nairibrMiaa* £>amat i t ia raau i t s i n tha oaoaa o f aotwi 
indiviaoaXd «Aio hmm baooma aanait iaad m a allargtiec t o 
bV 
Cr(VX> ee^^tym^m* tn :)tanta ^^hmtm »ncli ctor^ouinte mem 
rtro^nxmAt fmm irr»5cattt!i«sis a«e tj«tV«n too ]oi»v«nt WCTKWMWI 
t o t lmir «%j3t9 mnA *»dJit«« 'itwire i s no mrOmnof^ tfi«t Cr(l^x) 
corr^ouna* haws an? toxio «ff«ct3« 
'*» tiM (rmi:r&'^r0ChiS'y*dw'0&B Cx{127)0 oif>->aars to lx% 
rn ^amntiaX eraca •'€»t®2 In 'mmmlimi m*tBholi&m» 'Hie f i r s t 
(^sfiKKistiration a^. *mtr-holic «ffijct of cSbrorait^ ij -mm rs^ortud 
f>y fiferts! ©nfl r^ahTmm in l'?55« Jn t l ^ rmantiae* a gi»at 
^fsal of Gtridam^t pointing t o ti>j f^aawitiality "^ 5 dircs^tma 
hoQ boon cbtai!3©<t# imcSi oS i t by tl^rtse ©OJI h i s associates 
an6 trf Ccliro i^feir*® <troirj# m rnxmrnef of vgnlch i© t^i'tmn in th© 
••tjsn analytical nisthoas o€ 0«fificji«ifit sonsi t ivi ty 
(«?•«!• atomic «b90«ptiiifi» activaticm analysis) a!» "^ in^ fl, 
««a»ntiall^ »11 b i o i o ^ e a i si»t«?rial« &rm tmm^ to ccnatain 
chxt»tii'i»n* A Ibzlaf mgmmrf of i t a distribtitiof* in ^mtmr0 
aoila tmA bloio^icai tis«yM« i a qi^fmn in l^ aibX(« 8 • 
CiirORilwii ia mit ymXX ^»»fiimA in thii i n t a s t ina l t r a c t 1 
c r i a ttomoiibm^ tsattar than tim bioioqrieally activa Cr • 
7 t ia r>x«aiinHibiy tranaoorta^ by tivi blooa protaln al^t<>» 
pnilin« which ia alao tba oa r r i a r of iccm* Oiromiwi ia 
mymtmtm^ mainly in tha txrina and to a «Ml ia r aittant in 
£acaa* 
I— n JO 
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Hi^arial Cir V p j w i ) 
SOil9 
2<piaous eoo>» 
(>?ia28KS 
n«n(<bitcmQ9 
coal 
Fraili water 
3®a t»ater 
tian^ pltsita 
mrln® plants 
LaoiK^  animalJi 
Harlna animals 
Plant tissuss 
Manmalian tisstMS 
Haztf tissuas (narina ox^anism) 
MaiRHiallan blood 
Pltmwm 
Had ca l ls 
Cai8aian«100) 
too 
90 
3S 
60 
o«oaoi«^«od 
{T?iedlan#3.Qa0ia) 
0.00305 
0.210 
1*0 
0.075 
0«2-l«0 
0»9-3«S 
o.oas .^as 
o.jii^.as 
0*360 
0.340 
O.OOIS® 
^Rasults for so i l s widt bioloQieal raatariala rx^ t^ortad on ovaR'-drled 
basis* 
^ ighas t in soi Is darivfexf frow basalt and saxpantin 
®130 Cr atons par rad cal l 
: ^ 0 
Tmatms* boopio, Hxmr m^ aplflten have e hlnh aff ini ty for 
chrfttKltim tahlla tJio af <!ialtT/ i^f ntiscie and brain i s low. 
citrsMltKndJl) cooiKllnato»3 tidth tirotslns* rduco < r^oT»*fe*s 
n-ra-^trata walls oC XXD^ CQXIB^ Cry^tujmf to leSsKsl eiythssrv 
73 
cyt«*e» '•ai2*K@r ©nfl y'alme £oiii«3 {linfh ccwicetitratioao "?f 
'ftioffo i© o cloo3 j^>Gtnas!icQ cS biolorrlcal oeCsct o*:; 
chrO'iitti (aa QrlttI)) on tho psoocnco 0:3 instilin* tli© cr^jar^nt 
c»£fc*ot o" chroniltin 0i^ jr>l,«»ryjistatA'm 4n «3Sot<3 <?'-*t?©n«23 an th*«! 
in i^ te i^<1 nitiki&fB incltr^te ir^alEed! rjltscaso t»lojn!aiCQ# 
< c^arr!a3a«1 nlycsKren n^a-^w^t incs^asf^ inei^sao3 f»f aort ic 
iealcwt <1l3tii«S5Qnc» in u t i l l s a t i 'm f^i c^lno aci<fo in '-jrote^in 
syntti**9ia an-l a syntJroiira reoenfjlini ^lefiK^tea. 'IIG! cfffsct 
of chroiAxm atjpplffl'^isntatioo ©r^  ::MinifQSt@<? in mrmirTm ways 
inclwUnei tivs followingi increased aurvival of ra t s an^ raitKsi 
e>r^lon<|liig '9* minriiral o€ old animalsi inc!!»»®ei in <iroMt±i 
rat** nP rats an<9 tnic® ralaedi in a ccm^.railed mwrircsmmnt* 
7>4il 
nof|ina)ci an4 'lartai founa that in 10*2Si of the 
ra ta SA<9 a ^liet «lR£ici«ait in both protein ami ehron^tim 
( %01 Tifib)* a via lbla aya laaion donmlODa itiiieii tasulta in 
opaeity o^ eornaa in ma or both a^fesi altiiM>agh tiiia i a 
pxtsvanfi^ toy stiffici«Hit cttromiur:! in tha <1iat# tha ftilly 
L> o 
<ff#»V!»I,apaa <l«f-«ct i5 not emmrsmA by feodtnq chrcradtmif hir^ 
Conal^eratele %iotk has be«in dioae <:^r®otly rttl&vtant 
t o caataibollc irole of chrtrdwa In iranan h&ixiqa (©•<!• ifwestl-
rra^l"n«i o^ "hrta# '^T^S?* i'>iid.ni on"! '-chroe'^r)* 2t h i^s 
t''rmn foiywf tUtat !rr*t'>tes*5®'^ t* •^"^  i!^>r3v«9 or nnrmmiises iiit-i.-'ifr^ v'l 
gliicoaw* tolaraaica o" G!sae < l^Q!y'!tlcs# old -aQ'? il^ s aiMS n s^ln'^ ni'* 
fflsiif^t^ «!iil,dJK?n# teit not of -^t^iees. 3tt IIPB biicai»» mridont 
tliat* althoulh li3w chmfsdtim ntatr^a f«lst# tli«7 era nt^t t.if? 
eoio cctiso of isriQifiQ!'^  olticosa toioiraiica* 1j© !:is<:»iii tjocsealn^ 
of ql^ icsoaa t^X'^rnnca mvmi women "^o hmrn haa aa/s-^ral cSidl- t^m* 
nasr l:w ralat^f^ to cSircrdu-rs ^^^i^Ietlcas* tianisld*^ ties sltot^ that 
tha ditfcraiii't! e«ait#nt "^ hair of ostifiors I s leos than © t?jls^ 
o* th«t traitioaraci. 
•"SRtts an^ €tS3<xjiat«i9 har© utlHsiwS in v i t r o tec^mlquoa 
for ovaitiatliw? chrondtm cwr>oii!ii*l9 with «»ap®et to raXatlon 
b«t«MNm dhmAeml cor-^oaltlon of c^rondvi^ canDOtui'^ a «IKS thiiir 
biological «if£fiota* TtKatawi eoMf>iri»e csBtparlnq tim tm*-MB of 
14 
tit i l lsatiofi of C<*tagnfoa qltneotm by <9pl<li4yi!!MiI tltfauo from 
«1iabetie ra ts in tho ptmwmem of insulin with and witliout 
m^'^e^ ohromittm* TIMI most stitole eonplmiss sixe^ ss Cr(ac^)^ 
C memo •* ai3#tsrlae«t«MMit«> ars r«il«tiv«ly iiMiff®etiv» I ^ I I A 
loss stabla «oifl|>l«siss (soeli as thosa of athylana^lair^na* 
taathloniiMi atci*) aidiaaoa tha Mstlon of insulin* ^ntstsfidiiig 
u 
©ctivlff 49 manitfiBisPi^ by tha qXtic<Mi*? tolr»wiii€s*s factor 
€ t^fP }# a ehwomiwn e»mlmx As exteact*^ firsm t9xm9»r*a 
yeast an'i poi* '-.i-lnfsy jsoi^r^r (both in v i t ro an-l vivo) . 
••^ fj «lt.trmt?» ctj^^itiVTi in tM-s arr^n ia to tffflt© a 
si»rl'»3 fJ'*? eqtiati*'^© £r»r n i l rr*s:,'ti""» f&mt Critll) vm^sy 
fyrms frfsm iaibsosr»ti?>n to e?!CP^tion. Xt 4s «^ '"U"if»'1 t:iiat t5i«^  
f^nal biol,oiicallif ^ittmitSMm fora of c!ircr:^tira i s nso&xex^ 
1^3 a jy»»ttlt of a Qe.trr»iKas of cr^natlitss o2 CrtAil) %fi^% 
l i ' aiKfa nrnssnt in bioloaical srfatnn* Jpecifically i t i s 
nsasat ia l to datfjrtrdfr^ ^ i c h o^, tiKs nsafsf^  biolo^^ical. oi£)stoiK3a!G 
em si03t likaiy t o isasdntain CrClli) io tronsoorta^l*^ (end 
r»irw0tii!iffltoiy o^ail«S*5ile) for-i. 
J?#actiam9 nf r"hr«iiaw»t2Il) i«it3i Biological l*ifT®i«59 
3'iiqeated <shromitii(i3X) i s oiweoiaal^l^ co!WRiisp»d to 
i t 8 ultifl«te M'^lor^ieaiXy swrtiv® d^ BKHieal torm Ity a s«<yi«»nc« 
of f«iaictiii!Ui with bioloqieai Xiaanda in ttm rttantnaXinn s^tum* 
IT** orinciplflta oatlinoK^ «l»oife may iwt laaplia'l t o th i s ttxty^^wslY 
34«35 
<3}MRBi«ial oystam* Xn maaia of t)hyaioXoqieAl pH« tho oatpeetaif 
cvaetion of Cr(ZXX) i s oXation Axoapt «ui i t ma^ ' IM oxwvmitad 
o r utilniiida©** by eoi!|»i»tition of Xigai«9a a'&mr than TH". Xt 
awy IM aaauiiad tha t axtaiwiiro oXation wouXa ratidar Cr(XXX) 
G2 
biologically tma^ anilliiblQ minom this tmsxotion ^nniM pvm» 
Bvm^Xy h& in^s^assl^o tm^s se^mA^ml^ laild eemditiemai 
(\? hioloqieml sfatmsm 
I t rar/ tharefors b® asstnMicI idiat ttV9 <:^eniical forta 
an«1 camcsffvtraticii of bl'idoqicalli/ active caisondLt^ asi w i l l b@ 
^•netmvminmA hf cofflpetltl-'^ of crClj-j;) by 'Sj art'"^  othar 
liqamia of bioloqieal mfut^m^ Onm af tlio fiat e^^tilta oS 
thffl co"i»iMstitic3n MIX% fm tha ostatollaSiinq oS tJwt wfora i^© 
stata of aggsBgatiem of .:rCiiX) jirodlacstCa) %^i«ti w i l l b® 
charactoriatic of a given rttsctitm raisetur© i»s6or © nivesn 
0€rt: of raaction conditions* '^^ rat*^ of tEimsport of Cr 
itli) thrott«ili a wartbrifflwi t * i l l ha a Ctmction of thfli otato 
of aqqreaation* 'Ihia haa baim inv^iti^iatort by piethod of 
03 
^aqta^tial dialysis* tn tdiia uxoerartmr® nwr:mBut^m saraplmi 
of CrdlX)*- li^and raaction miiettiz^ buffas«K!9 at rtiyaiological 
pH a m aiaiysad at intarvals mn^ etisvas mrm plottaa shovir^ 
funetioral attaii^aant of dialysis arfoilibriten va* tima* 
nim axaa utidar tlia dialyaia ciacva Is proportimial to tha rata 
of aiffission of thA Cr (Z I l ) «rul thus innfarsaly pro^xirtiofial 
to tha aolaoular sisa of tha diffusing spaei«sr i t is# thaoa-
foxitt a laaastupa of tha offaetivanass of tha li^and in pcavan-
t ing polymariaati'm <i*a« of tha l i^and's ooordinating tan-
daney}* Tha araa pf«fqeaaaivaly ^hmtvamtm %*MMI tha l igwid 
has ta la t iva ly Imt aoocdinatiiig tandancy* t>rith tha most 
• f fae t iva l iQan^* tha araa undar tha oucva is a mlaiinMM and 
s^tmifta e«9A3«aait for Q l&tvri tiim («•«!• 2*3 tieaks) • fyr>ieal. 
w«!iilt9 are aftiown In Fifif.2 (nhoi^hate buffer only* no 
offoctl^^ ilfjamd in sieactl^ TO laixtum) and Pia«3Csame 
SBBcti'ti ndagtucn eofntainin'i '!iethiOfiine« en Qf^«»«tiv« Hsiana)* 
"Jim:© t^f% fiBrtitmal i^sBirea^s iti tlif* arraa imf%r the 
<tlaXv3ia eaewa aa tlK9 rraat;ti'*a r«ti:setas© arma I s iwmrsely 
srTiortlonal to tl^ fs co •'©flinatlnfi aibliity o5 tij*i iifmna* ttiis 
proc'*'"fci!ro raal-iss i t •soaalbl'^ to oatabliah this -5r'1f*r3 of ©ale-
tliro coo»liaatino t«nd«nclfl»9» *liia has be«Mi don© tdtSi triaiT^  
l)!©!^^?*^©! Uganda^ ltmXn<^m nearly ^l^ ^^ ccrrsoanaa o*? 
s'^ 'sjebs C?c3l8# most of thrs eowwun*!!© o*! t3:^ f|lycr»iyais chain, 
numanwa andno Qcl<l9 asul various biolenical nhosnhaters* "fm 
ortler of tim CNWsrfllnatiwi t«in«^ncl99 of th^ raitoa ci^l«* com-
T>otai«1o for «MMBnif»l«, i s t Citr«tti»^ inoei t ra ta^ mtl&tmy 
owilao®t«t»)oc«. icfitofiitttetrata^ aeonltat«J> ftMiaratft^ micd-
naiMi* Of tMmy blologicwl i i ^ n ^ s ta9t»d« mrnnn ttw roost 
effectlvv C«s dstntmlnsd by s«qiiimtial dialysis) ara hlatidin« 
AW, ADP, ttiiaralna pyrapho8|>liata# fruetosa • 1, «• «ttpiioaphat»# 
3 «» phosphogXyoorate, edt ra te , i soe i t ra ta tma tartonata* 
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3^, FJg.2: Stqutntioi dioiysit: ICr )mlxl6^M, 
[PO4'")«002M, pK«7-4.Rtoction mixtur* OQtd: 
nihrj 2,24hri 3»1wttk; 4,2 w««ki.5^ we«k$.R>?fadronoi 
Qttoinmtnt of dialysis •quilibrium in ctsMd-system 
two - compontnt diolyisr. 
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Flg3: Sec.aentiol diolysis: ICr'^]^ 1 x 10~'M, [PO?']«002M, 
p¥^97 h llgond-mtthionlnt {MethionintJ, ogin^ of rtoction 
mlKtur*: 0-1M: 1,1hr. 24hr. lweek,0 05M; 2,lhr. 3r24hr.i 
001M; 4>lhr. 5>24hr. R, froctionol ottoJnmunt ofdiolysis 
tquilibrium in clostd-tysttm two-compon«nt d.olyztr. 
i)^x 
(m-'^ rr-^ciall*/ t : n e*u'.feir«n xei^cfetrsis .It wan r*>?sotVff«* t h a t the 
ntrftaor o"! mscCii otisJUles with eriino eel*-'' llttaTi^'ig rf^jn very 
l i ltst2« Ci02s£,:r2# n tiir:rj;vjh si/3t?^mtic trs'»'": 5® .•m'5!tt?T«l 
in tMo Ciold* witla tMg vim-i Vwt t* r^!-: nn tli^ ^ i-itaracMm*! o'. 
l''js^:aBip.QCi-is(XiiiiaiI21) in aquootio oeditjni :a^ carrirsrt o»it tiitli 
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gwrmmmm 
stodi-: sol t i t l O^B -^ f Hi t r i o acid (^nalaR) m%v\ sof^ltx^ lij'^rcsf.;^^ 
( "r'lif tn^i.^) tmr^* cliaclt^'^ f^ «wir1-*5ii»^ tdtrafJl'^iin. r o r t h in 
<!ou*»ly «1i9tlll*»<^ t#ati»r« "•latillaftl^fli wm nsirforttr*-"? In an a l l 
f^ean<fafirti»afl.g>ri f^ Oiroraitrnt n^^r&fam ^ olnfclon. 
.^ o«Sk so lu t ion of chromiftm nltr«*3^ w«s at»ndi»rtlls»i«^ by 
1 
two iitetepffiiKlent »)»tho<S»- (i) Ion «xcdianqio ^witliod* arwl ( l i ) 
2 
ifldomdtcio imtiitod* 
iv»t«l oono»ntretion o€ ehrwid«»a n i t r a t « in stoek m -^lution 
by ^ w ifm-Kiifdianift 'wtf^ ho^ vraa «8tiflMitii<1 by <»liition throitKih a 
73 
ths tVIO^  in tlio efflii»nt u l th 9tiaKl«Kdi alkal i* 1!tis tmm 
•eld oontent -»f m^otik •oititian nf Cr(lil> was tly»n «v«lu«««i<^« 
m ft.1® iosloswtflo nathflMfll chfoiaiim nitirata wss ?y«»iaia«'^  
to dldfuroraaise by boilioqt « i i ^ a S!:iltiti'*m *»£ i fTUausitFi 'mv" 
nitrat*«» %tms nms& to catalyse ti*» reaction, '"tie excess of 
•^ er9-^ l*it:iat»s tma aestKOjfe'l by •irolon-'iSnfi tha bo'^litv- Car Q 
nhoirt tism ©ft®r osci^ati « of chrora^ara t«^  th*? dicftrstsate 
cwnditl'm© ha«^  bai3n ji*1iQ»t^  t o b^ corjplote* T!if! aic^ro-mta 
oolntitm ttao t ^ n cools*'* imfik ailuted to a ^ '^'^ f'^ nit^ ! voltjana* 
*tts etspier»ntrati n wm ^tarmlnart ul th g»^ feiranoc» to a atan-
Amx^ solution of €arrou« flRtlr^ata* 
PatoCTiinatlrjn of cojfpoalticwi of Oompl^ jKta. 
Coai>aaiti<ma of tha ctsmnleymB fomsdl ^ tlun inteiraction 
of CvdiiO^i^ fi^tli ^ f fa iwnt wnino aeiaa %mt€if floterminad by 
$t»m mmW»ir of aontiniaoiia vaxiationa* 
Ilia l t l M « i « i of aaaationa of antiaoaei^a with criH^o)^ 
HimiHimmiiweftaaily tmaer pa«iite<*finit 
eidav •ondittlfltta «iA^ ttaa li^ana in eiioaaa with xaapaet t o 
•Ha aiiHa §Mmm HM pM IM* wmiftaA fvMi 3*9 to 4«$ a t yu. • tM 
74 
eagtmrlrmntal aolutifjfia t«ii?p! adjusted b^ addinfi !»c|iil«it^ 
TSvs uaf^ QiBitse vnltinies 'JS e l l tlio teactasits ©jeceot 
chzsrolun nltKitf?* wespa ta'ceis in © tlmoc^ nwck^a ireactlna 
to e^wdk an? oifaooratlr^. * n €poi»r>ei©tB cisnc^ntratiori nf. potas-
sium ni t ra te was added to niaifitalll tiiO iOnic 0tron*»th« 'Ttie 
rrj(»ciJ. ''r! -*d?^ tair** was tlien tiiar:!K:J3 a^'b»til ivi o ^ati^r bo.t?a nt 
tlw ^isoimfl t©Tw?r®t«iro withoi^i n 'isrHJlai -^i rif ^ 0»1^# ijn 
insr*'- otnssphf^E® insi-'^ Q t!w ^a^ss^l ^aa :nciintain'**1 : ^ bsjSbbllnq 
nitror^fm f|aa ^^icli als*^ enawey l^ tliorcRirth nlxinn* ie?>®etlffn 
tfes tiKsn otnrt«»d by Q«1«1ifif| r«| t t l8ite ojaount o*:" cgircwtiuri 
n i t r a t e (wiiiciii ims V^nt t i'*.rtm&tatx^& a t thf* sa^ iw t*inri«»r«t«rw 
In a awit)/»rat^  flask) • .UltittOt® of roaction nlieturw w r^r* 
•^ ii3«ttasHl out a t ^fflnltsa time intms9al3 fm^ t^ ie* eeectA'^n tma 
f|ii»»nch»»=! by coollnrf In ACQ bath m^ thrati A^ was -^iRsaure** «t 
S40 tm (for a l l t l ^ ainlno oci'^a exe»»pt for aspartlc iM2i«1 
i4hleh «f«a '^ ona a t S30 rm) • Aa> '^va obtained }-^ ^Uimot ma* 
a«iXR?ii»nt *>£ tha e9qpaci<nBntal aoltiti-'na !car>t loner an<^rih for 
t ^ laaction t o be conplata* '^m optical ^ n a l t y c»f ^rCH^O)^ 
in a aolution a« abova t«ithoat mnf at't'^ a^ liciana waa takan 
aa /vo* 
N2 In- ^om 
FIG.J : T H H E E - N t C K b U M A S K f-iUtD 
WITHAOCUBIE W A I U O COriOENbhR 
75 
•fln% r»a«u«to« f i r a t o r ^ r tmtn constant » >«<^ j,» wi» 
<^te«silaii?^ from *»'ruatlon (i)« 
t oo oo o 
'.*:i"»»a Fi i s t2i0 a(Mioi*b«nee ®n<^  ott)3crlT>ta refer to tliBR. 
*'. ct^muter nronra'am in T'T'^'-A:: SV tma vmAfp- for tiKw ca lo t -
letios* of Ic,^-* titiieii i a l i s t ed in nm-mn'^tx ( '^ r^-rarara lioml) 
'lif* '"cinetlcs of :y'»Raa(qpiocinircxid*ini (112) witJi rifStjirjnt 
aciinr> Qcid-s tmea i-mrSonm^ miff^e v^syinn Conditl'^o of 
li'^sin^# ionic atrp»nnth# rai an<1 to^wx^ratur©. l^ i** rwwilts 
&m ffiven in c'*iR,*>t«r l*^ » 
Afiparatna 
At>»oi*»anc« fwi«awi»iBanta KRSWS rtotainitd witn Bausch *^  Lo<tjb 
apaetfftnic - 29 CKdlorimator* 
An KXiXCO pH«<«Mitar tmsAal L-X-10 (Hy(l«ral>»f# Xn^a) 
•nployiim a glaaa alaotroHte (KIIXC? « Type i^ K* 62A) ana 
calomal a i a e t r o ^ ( Bl«ZCo « tVp« KH-70} iiaa u«tt<9 to imiaauf* 
tha |>H of tim aolutlona* 
7G 
cli«nlsficy^# trfSiigrMBfi's* Cream tmt^ Ct)## l«OR{<)cm# 2iidl P^» 
(19SI) p* 433« 
(1941) 437* 
C.kVJl^R * ttt 
O li^  H E » A |U 2 ? I E a 
aN* 4? 
I-M f ^ 
OIAP'T^ H - I I I 
£ J ,1! ^ R,A It I XX% § 
This s t ructurs l foimuXas of the amino wsl^n USCHI in the 
osRSwnt sttiay ar» «|iven in Wis 'J^ giilffl 1 aion^c«itn tTjuir |s^ t 
TABli!-:-!. ::trtK!taral Jfomalas and «>iK Valuea of niff«x«5nt 
Aniino Aei^s* 
Aiiaino ac id ^traetxise plt( 25**o )^*^ 
0<- C t ^ i yS-CUOtl o<-|^i^'' 
Glycine 
Aianina 
/ a l i n a 
Safina 
Hattiionina 
Ai | iar« l« a d d 
lij?3-CU2-03"H 
HjB-CH* COOli 
CK3 
Hjjf|«CM- CTQki 
1 
H 
2 1 1 
Cli«C)lf 
||^ |}«aCSi*" COOH 
IOiL|l«|fliCM^ 
Hj»-CH •COBH 
P% 
2*40 
3.30 
2*30 
2.10 
2.28 
2»00 
3.30 
9.20 
9.21 
3.90 iQ«00 
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tt. l9 %MIX t nowi tha t monmmina0 oonoeafboxsrUe acids taica 
rmnm» ( vr l t tan for th» sifi|>l«at a^sino acl«1 • glyctnut ) t 
• ..'t-t 
Nllj - C l l j j - CIO!! V, j l '^ •">•" HH^ -CHg* COO 
<it^ av 
a^ iowfifta <»f various alfcitm epFtcif^m I em fractlcms of t* ta l 
glycine ) ^an» ealcuiatxkl usin^ iraluaa of io!iiaati"i3 constants 
recordo" in tha Tabla t anrt acpiations 2 to 4a 
2 
w*o 
iiMmiJ • 1,11 M I • •! - i C V m UI f i i , gf .111,1111 1. 4 • I I l l I III! ( 3 ) 
7^ Q 
% i\9vm thtm& d ist inct «K|«iilibria i n ««!»artio aclA 
liliich io a raonoaaiino* <1ieatbe»tylie addt 
CDOK C30" 
f^  f2 
cfKJh cnt^i 
' ^ 
# • , 
mi 
cm" ^ cm" 
f«2 ''^  fa 
coo* crw* 
CHL") ( L^* ) 
ttM oMMMiItt wtonip doaa iM»t tMiluiv» RNieh di€ferRittIy than fim 
BntBonlm gwvp o€ crl^imi* but the ^-CarboNylic qroap i s « 
waiilutr aeid tftiwi th« 9«O«R> on qlyeine and the <^  •HeailMMylie 
djeoup i a a atxtmytef acid* 
Thft f cactienia^cv^** <V| ^  of aapartio aeia wmtm oaieulatMHS 
by uainQ tha folXoifing a<iiiationai 
8^ u 
n=o 
^ . MP-'-i - 3 ^^ i 
> f l 
C9> L L "^l! KjKjKj 
?3=o 
z>iatffllNition diiiqrraiMi shonlnrt f raetlona of ••eh ionlnwi 
fesm at lUftervnt pH • ! • lAioim in Flga. I to 6 • 
0 0 1 
PH 
FiQ.I : Vorlotion with pH of tht distributions (given os «Ci ) 
of stvtrol spec its prts«nt in oqueous solution of Glycine. 
2 3 4 5 
PH 
F jg ,2 : Vorlotion wi th pH of th» distributions (given osoC.) 
of several sp«ci«s present in oqueous solution ot Alanine. 
^ i 
PH 
Fig. 3 : Voriotion with pH of the distributions (giv»n os «CJ) of 
ftvtrol specifs present in oqueous solution of Valine. 
pH 
Fig. 4: Variotlon with pH of the distributions (9'ven os ^ i ) of 
sevtrolsptcies prestnt In oqutous solution of S«rJnt. 
f/.l 
0 2 3 4 
pH 
Fig.5: Voriotion wHh pH of tht diitributions (given os «Cl} of 
ssvtrot $p«ci«s present in aqueous solution of Methionine. 
lO i -
06/ 
pH 
Fig. 6 : Voriotion wi th pH of th® distrtbulions (Qiv«n o& s<,,) of 
several spyci>s fresenl i.i oqueous ioiu()ur. of Asparttc acid-
8 
'm mm that mcNio«ilfK»« inemoeaflMMcvlie acitm 
r»3fl»t '<«Nitly as a swittajclcm ovwr tlv» iHi-rawn!! tiood In 
t ^ pfftMiit innm stlqatlona* l^rtiv^ciaom* tha fraetiem 
sj** anionic fow> l a vairy l i t t l e ( 3x10 a t pH • 7 ) • In 
tlia easa of aapartle aeldi hoth t ^ aifitttilem Cii^ Xi ) m*^ 
anion (ia#*> axlat in nm tan*^ of pH uafta. 
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%• J«7» B'^ VttXX Add J* *^ yiMBi# *Bie^yffieal. CH<»mlst7y**« 
me^3mdvi Press Xfie«« £l9ir in>rk <1?S8) Ch^« 8« 
Harper and Ftcwt ;pid»lish@r# tiew York, 2n^ H^# ( I97t) , 
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OlAPrSR • Vt 
m^m^ m}> ^i«g?pi9tf 
n«»atilt9 of Copfpositlons of OuetwAiradXl)- Af)iino Aclrt Conf5l«ief>«. 
It !ms h&&a ioimB that CrC^O^ * reacts olowly with 
t!^ ardiio ael<to xam^ in the pswa^i^ txiTestigstl'm in eoidic 
m&^m* Colour of the ec««i>l®aoi8 Com?»d i» |»inlC'«^ioi3t* Absorption I* 
spMftcttra oi solixtions emitainini '^ s^'t^ i^ '^e ®**^  «»Bea9 esdno aeia 
w*!^ ra«(o»Sa<9 aftar boiiing «ai<l teepinu tho aoltifcicma at 50**C 
for 24 h* 'Sim raatiits »^re«antod gr«5»hically in Fifj»l A2 show 
titttt Pi»cioix!ii ifosostoanetd of a l l c!ionoarnino# mc»iocan>Qi<ylio oeido 
ia at S40 nn «a«raa8 £or m&^m^e &ol€ tha oiaximuB!} a&soi:%>«ne@ 
oeours at 330 nn* 
tuo way^alan t^hs dhoaan for carryin*i out tfm conpoaiticm 
st\iaiaa as wall aa for sttiayinrf tha raf* b£ thn n«€Mi3tinna o£ 
CrCHjOii. with artdno aei«^a tmre that f^r tmsdLmam dbaotfbmne^^ 
CrdijO/^ al>aofl»a littli^ at th« cSioaan wavalanrrtha whanaaa a?iiino 
aeiiia do not atoaoib at all* 
TlMi o<Nm>Miitiona of ehromiuaidlX)'* amino aei<l eo««nltt9eaa 
t 
wmxm dhitarraina<A by Jab** naithod of ocMitinuoua variationa* A 
aariaa of aolutiona «ontainin«;? diffnimtt matal- ligand eonoan* 
tx«tiona wtvm nvmpmmA in a^ H a^rata ealibratadi tast tufctaa* Tha 
aolntiona wara boilad afi4 Hapt for 24h in a thanwatat maintainad 
at SO**C» qptiaal dafiaitiaa %iaxa ra«»rdad aftar bringing tha 
/C^-
0 / 0 -
0-30-
c 
o 
000 
420 440 460 480 500 520 540 
A / n m 
FiQ.I : Sp<-:tra of metat ion and meta l -amjno ocid complexs; {1} [CrtNOj)]!!* 4x1(3" 
M5 (2) [Cr iNOj l^ lsSxlQ-^M -Amino acids were in excess in all the $olut«or«> 
(3) Chromium {m)-giycine complex, [C r lNOj l j l xS x tO'^M; (4) Chromium (iiO-
alanine complex, [Cr(N03)3] = 4 x10~^Mi (5) Chromium (Mi)-serint complex, 
ICr(N03}3l=r4 A J O ^ M . 
Q-4!' /-<'„ 
o 
^^-O^o 
<>D--00 
0-OL-
420 440 ^ 460 4BO ^00 '~b2G b40 560' 
„ i „ 
680 500 S20 
/v/n:n 
Fig.2: Spectru of ruetal son and metai orn;,n aod complexes {1J[Cr{N03}-j3 = 
3x10 M. Ammo v»c><is were sn excess m aU the solutions^ (2) Chromium-
m,Jhionine complex, |Cr(N03hJ= 3 X10~''M, (3) Cbromtum-Qsp. acid complex. 
iCr(NO3}3}-3x10"'^ M, «) Chromium-vais!. j complex, [Cr(N03l3]=e4 xld"^M. 
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ffoXtition* to zoom tomperalmro «it<l making tipto tbm oricfinal 
voltrme isf naaliiQ x«q^site Bmonnts of Drvterrt <l|»tie«l dsnsitiQS 
of aoluticHna oemtaininciF mnam eonc«iitr«tlc»ns o£ chronitm nitrat* 
ea in tha Job*a aolufeion ware alao xmeor^A* Tfia optical 
denaity differoasoa^ 
A < OD >= r OD of the e<Mf>lex • C8> of tho c^rondum-nitrataj 
(TaSbXaa i<-6) mite plottet^. againat taole £ tract i<m of tha matal i«m» 
n.@i?]reaantatlva piota axe ahomi in flgawS-^ and the raaulira ajce 
mvmmri.mi& in Tabia 7« All the xaaulta are co(i|>araibli% with 
pxravioaaly i3i]%>Xiahad data except of Cr(XIl)-glycino ayatam. 
Znataad of fraquwntly reported i<3 ( matalt li<9«id ) eojnpiex 
fomatiofi of a i>l eotaplinc waa obaairvad* 
constants 
i:^ ia rate/I of the raa«sti<»i of haxaaquiOch»Miiiuni(ZZZ)"*iffld.no 
aeid ayatatiMi followad under varying eonditiona of ligwid eon« 
eantratiem* pH* ionic atsangth and tait|>eratur@ are pxeaantad for 
each amino acid aeparately in Tablea 3<»13» 
Xt tmn ba aaan that the reaction ratea inereaaa with 
inaieaae in eonoentration of the Uganda* teii|>eratnra# «nd 
daereaaa with daeraaae in pH* The efteet of ieni« atnangth ia 
not well, marlied but a definite ten<ta»cy of in«reaae of rate 
cenataiita with inoneaee of M' waa abaerved wi«ii a l l the ayatemi 
iWl^B. 9<»14). 
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TABLS*!* CG«flp08ltion of c^iromluni(ZXX>-gIyeiii9 o(Mif»l«nc lay 
Jcto*9 Riathod ot continuous v«r ia t i cms at 25^c« 
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Fig.ti: Job's plot for Cr(Mt)Qlonine complex; 
.3* ICr Ja{Aloninelt*0006M-©,001 M H D -
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TPMS'-lim Complex of (dirdMsiimCZTD-f^'^aXlnft €»fi|>leie hf 
Jol>*« aotlioa of eont^iniMnts varlatiniui «% Z%**Cm 
[ / a i l i M j ^ M b 
?otaI volim* a 20 al 
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pw* 
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by Jdb'a n^timik ot c^ mtiRUKms variationa ot as^c* 
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Fig.5; Job's plot Cr(Mi)-E©rine complex i 
[Cr^*] « [Serine}T=:0-Ot ^ i - Q , 0 0 2 M - O -
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TAliLS«S» Comaovitlofi of «^xoa t^in(XZX)«-Tl<-fiwthioniiMi eoapisx 
hf «7ob*8 tmitlioc! of eontiiramui variatiems at as'^ C* 
[ChEOmlwiiXXl)] m h 
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flq-y: Job's plot for Cr(Ht)-m0thior\in® complsKi 
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T/^ l^ U^ <-6* c^nposition of cl>rcMtitim<2ZX)HDL*iii^ artie aeld 99aplmm 
[cnro«it»8(ISi)l «^  b 
Total voX^na • iO sd 
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•iq.B: Job's plot for CrO'iJ-ospartic acid compltKj 
iCr^'^: ^ lAsport ic oc id lv^COlM--©: , 0-02 M - Q -
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TmtM"!* Swmmtf of thm rsmilts of Jeb*« Trnthod* 
C0II|>1«X 
Cr (IXI) •^lycino 
Cr (X2Z ^  -a latnlno 
Cr(zzx)«^«lJlii9 
Cr{Zll}<»««rl«t€i 
Cr (3 S 2}-mttliicmlne 
Cr{ZZZ)-«j9^artl.c iKsid 
coiRpnaltiofi 
III 
It3 
i t a 
ta 
112 
in 
l^ ltartttufMr 4«ta 
( l i 3 ) * ' ^ 
<Si3)»'**'** 
(112)*' 
(Ita)** 
( i»a)* 
( l , l )e*S»9 
* H«Oki ana K* OtauHat Bull•Chere.3oe*<7|iii»iaCt>(19t$) 1841 • 
^ ii»w«6jr«an an<S K»!?*Aii9« J*Ai!i*cih«sii»aoe»«XZ ^ ^^35)^^2* 
® tf*Bha«i#at^  V« Shanaa and il*3«Peoiiia* Indian «7* Chafn»«J£A(l> (lf77)4«, 
G*Chiritia« nm Paahava rniA A* Qiiritia* 
•7, A«» l*«liar» Chrnn* Aa«0€iatlon«2i ^^ ^ (1978> 112* 
* A, Asia Xhan and mitlA tl«MaUI(« J« Indian CliaiB. See>«,40 (7) (19«3)S«S-
' S*aaaoeinaka and Alalcaandra* iioai«Chan## 42 ^ ^^  (1973> 99l»« 
^ A.Asis Khan and ^9§lMd U«Malik«Cnrr«ntriS4si»(ln«ia)^li(lt«0)13S, 
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I t la noMT well aat<^liiSvRa that suS^stitittlon znactlons 
of aetJBt--mSrBl e^i^vplmmm oS ^iMfaiMnt tmtml ions follotf m 
T»^hmdLsm ««hieh in laztfo^? ^ssoe let ive in nature* Conse* 
(^ivmtVf0 t^ s'ib«titati'"T:j ratas o€ ccwiplftx £cnE««ticwii r^actl '^a 
of a aiiralQ»t t!v»tal-a£|UtO ion wit^i siimlii ii(|ait^la ao not shoi# 
2 
an ir^s»eS.alilii li^arvl dap«en^ <9i%D»« 
i'or Cot iH^cti dtoea not form cmtnlmma of jc«!«lar 
octahedral ecmficfuraticm* asaoeiativa mia^stitastitm xmif s^fsmmt 
not ttnlilMilv* i4oii«v»r» atudiea of tJi© cor^lax fonsaticai 
klncitiea of Cu* with savarai tmcdfiar^d N-dcwiatlng XlgtmSm of 
diffif%]:%nt l iaaieit laa irialda^ aaeoni3<*oir i^r rat A eematants around 
SXiO" H * mie* '*' ana did not glva avi^ ^Nmoa for a aaaeciativa 
contributi'm to tfia aut>»titiition oroeaaa* ^^odarata daviationa 
€w<m tbia ^»ltm irihdlch tiava bean obaarvad i n aoma oaaaa of 
bidentata ligiaida ara attribi itad to ottiar faet4MNi» 
I 'r ivaiwit tranait ion matai iotia do not follow th ia 
8iti|>l«« f>attam« Xt i a wall lenown tlw^ tba aidMtitation rataa 
for eonplatx formation raaotiana of Cr v«try by aararal ordara 
of MtaoniiMMSaa' DifiafiMMMia in mfim vipHio a fa8t<w«^i00 hara 
alao toaan raportad for tlia raaxstiona of fa wit^ mNioralMit 
S a S A 
aniaiia* s tup ing tha ooiqolasc ioiMttian fiaaatiana of T i and 
^* wttlt a varftaty of liganda i t haa baan iaiMd ttiat alaa for 
tiiaaa awtal i««a watiatioiia i n aulMitftlwtion raiw ui^ta a factor 
99 
off t o ' m oeeitr* ifm U^m^ ^mprniOmmm of th« •ufotttitution 
r«t«i Mhic^ i s dbamrrmA tor trilMl«nt tr«fi«itiofi tmtml Ions 
indieatoa a trtnsition #feat«ii iti «^eh bontS fonnition b«ttfaMin 
th» mstal eontim ftrsa tSm ineoiaitt*^ HgmnA tiots mlt»m&i rm&casmA. 
en mnm^tiylm mxtsmtt l<»«i« fdm stdMitittitiem isieeiianisea i s 
netrtly asiKKtistivw in chasnotar* 
Kinaidtes of mi3!»stittstion reactioaa o£ chramiijuaCzil} hove 
^ot a i^kacsiai r>l&ea from maehanistie point o£ v%mt» two diffo** 
twi t pathwaya a£<a aaaig^wia-diaaoesiative iiit®rc*Mm#a (Xa) t^ ypa 
or aaaociatiire intasvdiwi^o 3^ta> tj^ ?© ?* Si#ati(Sia and his col l a -
iS«»17 boratox* ha^o atudtad ttui aiibatittiti'sn imacftiaio of Cr(XZX) 
coRipXasnia %iit)i vaxyiiig iigaii<3a an<S always fcsrundi an aaaooiative 
intastSianpi (Za) psocsaasft Substitution enaotiona (axeluain^ 
basa hyt^roiysia «i<9 trwta^aetiirataa xwMstions) of eationie oe* 
tahadrai teivaiwnit transit ion isatais are fnil i^ eonsiatant tfitb 
tha qparatioit of an la mac^anisiii for al l cmam^ mmadnmA in 
data i i l»» data# @^mept for Co(X3X> eooplasvas (za) • iData on irana* 
diumdiz}* tnol^ ^AMmii (XZfl* and nstnaniuMidfZ)* siq)s>ort this 
gaaaralisation* in additi«*«n to tha ehrORduniCzll}* iHoditMiCZXl} 
and iridiwfiCxxx)* for iron (XXX) too« tha «n«tinn irata ecmatant 
f>t haxaaquo eoii|»Iax in «#atar i a difMMidattt ia|»on tha natura of 
31 
ineaeiing U(9and# as ajtpaetad for an Xa pro«ass* Tha siii|»la 
hyiiethaala that a cbMiga i n tha Qanaral SMOhwftisai of sinv^la 
svlaatitittian of ostaha^ral cations from Zd to Xa ooeiirs an ^»imq 
fsan divalant to tvivalant t ranait ian antals (othar than «al»alt)# 
10b 
i« <nctti»lly fintiriiiy xisaacmAblci in f^ xms of slaiilo mmempta 
of fMiehifiiatle pmf«z«iicMi biis»(l on thii eh«r<i« <i«ri«lty •« tli« 
22 
tmtaX emtttmm Tim charg« density mwf ba 9«u^^ by tho diactie/ 
radlutt ratiOf an^ i s tliMixnifoxw rsieh gxisster on n(X3X) asntsws 
mlstivtt tn n(tl) by viettie r»f «hsir '^^ srlSBaiy arasiler ionic 
radii* as wall as thair higbar encidati'm state* Tiius« avisn 
thoo^ Xd iiroeasaas msf b« vmiimiraal for M{X3} st^bstitutiOKiSi. 
la mnehanisiw ean ba antioipata^ for ri(XXX) miS !i(iv}* ete* 
Ttm wian^lotts bahavlcm of tua cobalt (XXX) i s probebXy 
as 
14-
&im t o trta fact tl^at tim spin«-nair8d Co ion has tha emaliest 
cirystai ionie radiitts of a i l tho trivaX«Bit transition matals* 
2a 
and i t ia lonoiai that savara starie strain asdLsts tsvwn in tim 
ground statf; of mxeh a slmola egmoiax as Co(liH C^H )^j|CX»'*' 
Aeeordinqriy* starie «ron«»rassion i« i i l favour dissoeiativa and 
stiprass asscMsiatiifa procMssas in OoiXXl) 499ia»Xaxas* 
2T 
t*at«r Sniaddl* has reviowad tha activation parwiatartt 
snd MHaSMoiism of oeti^badral substituti^'^n ireaetions and has 
conciudad that an Xa fatehanissi ia OfMiratiya for octahadral 
cationic cot^plaseas o€ a l l trivaXant natal ions (axctpt CoCxxx)) 
hwring ionic radii qraatar than oa«<0 pm (but Xd for vary 
Xargaat tripoaitiva ians wham ^Mnss'-to^radius ratio ia agsin 
small ta for divalant cations in uhiti^ Xd iaacnanisn oiNiratas}* 
Tha •fiald-fraa* radius of Cr**ia ie-** p.!*.'* 
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I t i9 well Icnown t h a t conpI»x formation o£ raet«l ions 
with ligandis in ©oltition proceeda In succassivie steps* * In 
t l ^ mac t lon o£ chrondtundXl) with amino acids (monoamlno* 
mcmocattooxyllc aclds> foianatlon of m3ve than ona conplex has 
been obtained (excentlng glycine)* Sucosaalve s t eps of conplex 
fortnatlon could b© represented by the reac t ions t 
2+ -CrL +L 
CrL2 +L~ 
\ 
V -
.....—,.> rnt^'*" 
"^  r* 1-T 
C L L 2 
S C -.-T 
^^ S 
(1) 
(2) 
(3) 
These react ions are wr i t ten with the anionic form of amino 
acid ( L~ ) because i t i s generally bel ieved tha t only the 
anion i s react ive for the metal complex formation although 
other formsdo ex is t in high concentra t ions . On the other hand 
some experimental evidence of complex formation with zwit ter ion 
31-35 35-37 
has been given ~ but the k ine t i c s tudies are very l imi ted . 
I t i s well known t h a t depending on the pH of the solu-
3 ft t i on amino acids take the form of ca t ion , zwit ter ion or anion: 
"2^ =^ k T " ^ "^ ^ K p ^ 
Under our experimental conditions,which ranges between pH- 2,9 
and 4.5,the major species are the cation, H^L j and zwitterion, 
10^ (t 
HI** Thitt th is i » lndii«kl the eawi ana t)i«t tho eocicsffintraticm 
of ©Rifimie £ocs> i 9 «^£y li>*«» has hAMMi «l«iarXy n i^oifn by :iarft9a 
e t a l * for tha ainpleat wadno aei4«»9lyeifi«« ftMr^ f h«re 
l»lott«d tha actual distr ibution cnurras of a i f f anmt spaeies 
«r?alnst p\\ xxwAxm i^ tmcig** ^ata of mAUk ian^ t>a»«i <*»lasociation 
cQsistanta o i ^iv'CiRa* 
iia atseuaaad i n Q) i^ ter *2 l l tnat tha a«dltt»rion llgand 
©xiats in a twlat ival^ hi<|h cono^mtrmticjn in ra»ic«rdno#fwio«>-
caxt»03cf3i>e wsids un^ar our ejcoariraantal ccmditl'ma# tjif* ccwa* 
plax formation foatnesai Cr an'1 tl«wMi asaino eeida ithroof^ 
can be 
th«) eajElNSJcyl qwaagk) kmB^t^MH/^ aat 
Cr^% n Ul •";••; ; '••"•^  Gr (UOf*^ 
> n 
irm l i2 or 3) 
vhiel^ k i a eou«»3Laa ni th t l ^ aoia cUaaoelation aquilibriuss of 
tha aeidt 
+ nR"*'^ ) C r ^ 5 iA 
^"fitli aanartie aeia (trtildi ia a «iiano»^no»ai~eafl»Qgcylie 
aeid) tha aonolax formation can ba ahoim aai 
Cr^* • U l , I' "" ^ crfLM^)^* 
Cr^ "*^  • EH ^\ —^ Cr(LH>^* 
wliiaK i a ««m^lail w&^ ^Sm aoid tfiaaooiation a<|itiUbriai 
10 
fi^ i.* „;—iZ-^H^x* -4^K-l-^cr( tHj)^ 
1^ 
^ar^^2^ Cr{i*H) 2-^  
(yliich of tim two emptm^mm * nsntaty CrC'l^ I*) or Cr(HL)*J 
pnftdoaiiiatMtt MULI da^>«i^  t:^ s>cm pH which i s tlM <1acidlagi factor 
nf tlie £«l.ativ« aKnMdasico of 4^ 3Ntei«» H23U or f }!»**}• 
,3* H l^'? .^ ..by .aoniQaminQM . .monoeagfb^nvltip 
ttm 'fimpmn^mem of psando^firat'-or^tor rate eonatanta 
( 'SUIJ,) o«[lig«n<l] «"^ L^J *• ci»naiirt:eiit idlth an i«>n«f>air 
tmthanltm (ttM ao«<ralLl9d *Sigim ^%i:!h«tiiatn*} u^Meh eouXdl ba 
•nviaaoaai a« followii 
<li20)^Cr^* l ^ '.;»'"^^;^ (H^Ol^Cr^^Wl 
(1) 
(2) 
(3) 
(4) 
ttia rata aquatian aai^vad on tiia baaia of abova naahaniaai ia« 
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l ( im III I idiwIiiiififlfBliilllC I ^ ». W i lAilhHiftii » II I i T 
wlimm [Amino ffioidj^ i s tivi to t« i e-^mosntrtttion of the 
ad<9Ml nR9itoii<iilnOf oKmocaxtKMcif l i e «oid» Sy t«an»n<r|iii9 
eqptatimi CS) wt ^f«t w|a«tion (A) t 
Aeo»rMng[l.y# a plot o£ ^^^^ «*7«iiiat [Aaiino «MSid]«» wcml-l 
ff?!8ult in e s t r a l ^ t lin«« Al«o# mtdbi o t>24>t tfcsild have 
6 eotnustaxit intMifCi^t for ^£f«»x«iit valtuis ot pHm rtiia i a 
iiiifti«a tha e«Mi as i a <9l««r from F i ^ » i$«>27« 
Tha ipalaaa ot k « id K p^ eoiil4 I M «ivaliiata<9 f ro'n thn 
i i i taroipta mi& alofiaa of thu !>lota i n Fi^s.lS'-a?* Ttutsa 
rata parattNitors wittm calcalata^ by l l^^ar laaat-aquaim «»-• 
cifMMiion analyaia of tha mta* nmlm tnn 1130 coiipatar 
( 9co«raiaf«a Ma* 2, fippmnain U Tha raaulta ara aisnMurisaa 
i n T#>laa 14«»18* 
9or tha anation rata ee«iat«ata ( k,^ ) tha aestivation 
an 
pa«ana%ira nam abtaiiMMl f ran pl'^ta of I09 ( k^^Mh/^) anjainat 
i/t (Vi«a»3t«33)« fhaiiaayniw«tc paraiiatara IN>r i^p was* m^m^ 
Iwttm^ fr0M tha i»lota of 109 K^^ a^ainat I A * in tha i>raaant 
wark tha valuaa af k^^ (i#ith a l l tha anttno aoida) ara faantf 
p.«l-0Mond{H*]«7-782«1d"*M~O • • 25S»10'^M~P 
O' lOOxIcr^M-®. 
'o 
, a 
^'•^M :Dep«ndtnc« of \CX$ on [Glycintl'J? | |Cr**)«l-OOXIO"^M# 
5 10 15 20 
Fig.17: Dependence of kj l j , on (Alanine]"^ ; (Cr ' * ]»4 0 x tO'^M. 
jLi-t.OM and [H*]» 5012 x i O ' ^ M - Q ' 1581 x1O" *M-0 , 
0 -398x iO~*M-®. 
5 10 15 20 25 30 
Fig.18: Dependence of k^l,, on (Atonine] | ' i [Cr' '* ' l = «.0x10"^M. 
j l a V O M and IH*^} «5.012 xlO~* M ~ 0 ' ^ S 8 1 x 1 0 * ^ M - © . 
c 
i 
o 
[Alanine];* (M 'b 
F i f .19 : Dependence of kob« on [Alanine] ; [Cr ]«4-0x10 M, 
l i a t O M and {H '* " l«5012x10"^M~O»^ '5^Sx1cr*M-©. 
c 
E 
IVaUnefT {M"') 
Fig.20. Oependtn $ of k ; { „ on IValine];^; [Ci^*Jr4 0 K I C T ^ M , 
>i f« l OM and { H * 3 « 2 - 5 1 2 x 1 c r * M - 0 ' 1 SSSxtCT^M-© 
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(S»rJne]V (M*^ 
ri9.23: Dtp«nd«nct of K'JM on {Strintj;^ ; ICr**J» ^OOKIO-^M, 
1-413 K 1 0 ' * M - ^ . 
I ii«Pi rn'mtmrnmrn^ 
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1 = 323 
P 
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i ^^^& 
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[Serine]:;'(M"') 
Fig.24: Dependence of k'Xt on [Serine]*^' ot indicoted temperaturesj 
[Cr^*3«40 x10"^^ ,M«10M and [H*] «12-59x10"'M-Q 
4-467x10"*M-© 1-413 x10"*M-^(^. 
J 
c 
I 
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'J 
[M«thionin«r'(M"') 
Flg.25. D»pendtnce of k^i, on [Methionin«l'\ ICr'*} = 3 0 x 10"'M. 
)JL s 1 OM end IH*)«1 5 8 5 x i 0 " * M - O 0 6 3 l x l O " * M - 0 
10 30 20 
[Methtoni^«]T'(M'') 
Fi9.26: Dependenct of kVb, on tM«thionin«lV i (Cr'*J« 3 0 x ) 0 " * M , jJl«10M 
ond [H* l»3 981 x l O ' ^ M - Q * 1-585 x 1 d " * M - © , 0 - 6 3 1 M - ® -
40 
' • 8 t -
( - A -
-v:^ ^ , /-
0-Oi ^. 
-Cgr--
0 20 30 Itr 
.-^  .- ' . 
Fig.^'^Ocpendence of k'Jbs or {Mefh'on.n* f t ' i (Cr^*J s 3-0 x)0" * M^ )X :<) 0 M» 
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<fAMiB»14* RafMi pmtwmtmrm oaleialttt«d Cron «}M d«ta <|ivan In 
Tabl« 8 for th« r«aetion of <^rcMdliini(3iX) «#ltii 
T ^ 
(**C) 
31 
4S 
SO 
ss 
on 
( » « « • * ) 
« B 
8*33 
11.12 
16.66 
»4P 
(M**) 
Ml 
o.n 
1.01 
i*2« 
10? K 
(M) 
• 
4 .87 
4 .91 
4»92 
t 
• 
Ime'h 
4.17 
I B,8« OMMI J.AHi. CiMMi. Soe«« S6 (19J4) 24. 
4 | ll*A« PlttA« ana H« T««AM* J* i>hy»* Chem** ^ (1952) 33* 
I 
1 
l O G 
fAabS«»iS« R«t« pmrmm%mf ealeul«t«4 irom the data givan in 
¥«at>la 9 for th« raAOtlon of ehjreniitsm(I2l) with DL«-0(W 
aX«iifM»« 
Tanp* 
ss 
4S 
SO 
ss 
4 
(aac 
• 
1 .8 i 
3*33 
6 .01 
'an 
• 
3*64 
1*43 
1*28 
10 . K 
• 
4*'yc 
4.78 
4«83 
T 
a 
« TT 
ax 
(aac-h 
4.17 
-
-
T 
n 
Bxtrapolatad valuaa frorn the dato of !••?• Nlma and P«K« 
Snith* J«Biol« Chan** XSl (1^33) 40l> 
R*A« Plana and U* Tauba* J» Phya* cahaRu«i|& (i9S2) 33. 
107 
TA8Sit«»l«* lUrftoa pmnmtt^mv e«linil«t«<l iron tiM 4te%a qivvn in 
Table 10 for the x««etlan of ehrontxamiXlX) with nu*» 
valiiMi* 
M 2.M 4»07 6,72 4.17 
4« 4*38 7,30 7«0a 
4S 7«24 11.64 7.11 
I Sxtr«polat«d vttltws from th* data of P*K» j<mith«A»C« 
Taylor and K*R*B« Smltlw J* Biol* Ch(M»*tl22 <1937> 109. 
4i> A*A« Plana and »• fmitm, J. mfm* Chani., j | i {19S2} 33 
108 
TARL8«»i7« RtKtm i»«FanM»t«m oaleaI«ttt<1 from ths d«lMi given in 
Tiblo i l for ttiA rmmetUm of < i^jroniitBii(Zll) v i th Dt»* 
•oriiMi* 
1^»fl|5>« 
c**b) 
3S 
4S 
SO 
53 
ma 
(mxTh 
m 
U « i 
2 .77 
4«7» 
'Si^  
( « • * ) 
« 
4«8 i 
e .6« 
8*04 
l o j KT 
CN) 
•k 
7,24 
7*28 
7*40 
»s K.I;T 
Caws"*) 
4 .17 
-
-
• 
4 HxtrapoiatflKf values ttom tim dmtm of p«K« amith* A.T* 
Gortiem and B«ll*B« Smith* J* Biol* OMMU* JLH <1942) 737* 
I I A*A« Piami end H« Ta\d>«* J. Ptiys* Owini,* jy^ (1^2) 33 
lOS 
TtUXm 12 for thm r»«eti<»i of c^fondt»»{Zi2) with Tih» 
T M p * 
('*C) 
3 i 
40 
4S 
l o f %^ 
{mnTh 
2,22 
) * 0 i 
»a2 
Kj| , 
(1-^) 
2,82 
J, t9 
4«4i 
loj KT 
(N) 
S.49 
S.44 
S.7S 
10* k tt 
( •»«"*) 
4,17 
<• 
•• 
f V«i,u«» ealeulate<i from OmxtmA mn^ nrtbtmm mq^mtitmt 
J.Am, CIMM. &»•• JUL (ii»34) 1050. 
It il«A« f»l«i»» and M« TmrtM, jr« l»|iy«. Ch«ni*«;Bt (S^^2) 39. 
• ^ • . ^ • ' • • « 
-!S4[ 
V. 
-156 
r H5-8h 
4 
-{60 
300 30-5 310 31-5 
T'Nio* 
- I III 'iiii'ii 
Ftg.28: Arrhenius plot for chromium («•«) onation with ylycint* 
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Flg29: Arrh«nlu8 plot for chromium («H) onotton wHh DL-olonin«. 
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F«g.30-'Arrhtnius plot for chromium (m) • ».. i^»- . ' 0 l » O * 
• iHCH. - - . r=v -T- . , 
-IbO 
X 
V. 
x: 
z 
O 
-16 2 
-164 
-1661 
O 
1 -1, 
300 30-5 310 315 
T~^  X to* 
F«g.3N Arrhtnius plot for chromium (»»0 onotion with OL-serin«. 
• " " " ^ W ^ ^ H U J l t i ^ ' 
310 31-5 320 32-5 
T- 'x lO* 
Fig.32: Arrhenius plot for chromium (iii) onotion with DL-mtthionine. 
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t0 hm gKn«t«r «hwi thm valtM of k „ for nmtmr* Ttii* 
9ii9ip»«ts tt ligtm^ a«r»iirt«<l «n«tion «na iMHiew MiaoeiittlVit 
p«th of aubatittttion* T^ IA r«th((;^ r loir ttfithAl|»l«» im<f l«cq« 
negatiVQ «ntrq;>i«» (Tia9laa l.>»23} further aoggoat that tha 
raaetiona ai^ i faatar than that of *mt^t eseehSHKio mn^ eonfimi 
ttia 3a niaeniBiian* 
'Vha poaalbility of &Ofi<-pairin^ of tlia wvAttmri'm with 
hy^txfxg' apadaa of Cr{H2C>>|'*'h«a baan ai9car<i!^ )d on the baala 
of t?*s oteaar^afl valwra of l^p «^icli arm in a fair mqvm^wmnt 
41 
with thoao «aieuiat^d by Nor m^^ -^ sfleaa for a "^voc&ma y/^im 
part piayad by hydrt^ Qf »f>«ieiaa la n«gf3^<|ibl«« Alao* Wk tha 
basia of tha trnfavourabla eharga factor* iQn<-oairifi<? of tLt* 
D a JkRaA^R>l4L£AC[ant# 
> 
tHa aMM a^niam of iataraetion of ha^aaqptochiowdqw (III > vildi 
aapartie acid ( a mono^aiidno^aieaibeiqfiie mt^iS^) ia dlffarmit 
from that of o t ^ r andno aeida bacauaa of tha intaraetiona 
with aiMioiaa HJU and !&'*• 
Oi tha baaia of vasiationa of tha {>aafi<So-firat-o»iar rata 
oonatanta with [AaiMirt&e aeidj<p and [K^ tha followiim maeManiaa 
rna^ ba propoaadt 
I l l 
TmtMm%9^ Aetivatlim prnxmrn^mrw for lit^^ and Kjp for tti« irMetloii 
k ^<»ae*^) * i a , « -31.2 #23a 
KJJJCM**) -a«58 -36«6 4.0,0 
^ D«m» 3%inii1ca wnSi f«if*3ifa^l«#«r*J^»Cli«ai»aQMs«fjyt U ^ t i ) 3'ra3* 
^ SiK^aiipi o f ana l igana only* 
112 
TMOMo'ZQ^ Aetivtttioii pmvmmtmva f or k^^ mui K^^ for tho x«ae%ioii 
o f c^r«iiii«Mi(X2X) with DS^oc^^xoniiMi. 
Rats p«r«nMt«rii 
ox 
U > 
(lccal>«fiioli4 ' 
(Iteal^fBOlo**^) 
•18 •« 
* • • 
• 0 . 3 * 
•34*0 
(ealwiteg* note ) (1ccai«niol«*^) 
••S«*4 -^ •7 
•At 45®C, 
w 
D*R*Strin1ui and f «w»®waddlX«*J»Aa«OMMn«Soo<;2j3l (1^71) 3783. 
e 
SiicluKni^ of CUM Xi^QwxiA onily* 
11 o 
TM&M^tt* Aetivatiofi pmtmmtmm for k^^ ana K^ for tha raaation 
of chroRdvmdXX) n i th nc«<^allfi«« 
Ilk # » ^ 
Rata paramatara AM • ! ^S • ! « i -^^ (lceal«nol« > (eal«dla9« ^loXa ) (keal»nola ) 
k_(aac**) •xt»i -i3»i •as.a 
Art** . ^aP - ^ . AG*« 
Kjj,(M**) - !? •« •49.2 - 1 . 9 
•At 45 **C 
^D*R*straiilca and T.\4» 3iraa<SXa»«r«i^ta.Oia«i«Soe««jyt(197l) a?83. 
*8lCChanga one of l i g a n d o n l y . 
] I •. 
<PABtiB*2a.A«tlv«tioii p«r«iMt«r« for k^^ «na K^ p 2or th» c««etiofi of 
«hr(^ tiliin{ZXX} with Tii>»8«rifitt* 
RatQ »«ir«i!»itt«ra AH _, AS - _< A O * (1»sal.*ni9l.o*'*} (eal»<to9» {«iOl<i <kc«l»raol« ) 
k («eo > •IS*? «>26«0 4-34*0 
®3« 
(keal.*!903« } { 4Mil«aaNBrr mol« > (ke«i«moi«***) 
Kjj,(ir^) -10, t -a0»4 -l.O 
• At 45®C« 
^ nm^mnm ^f «MMI XiiycfMi only* 
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TABtiK-23. Mstivatimi pmrmmtmrm tot \^^ «iwf Kj^ for th« meetion 
of i^renilimCxxx) with f& f^iwthioniiMi* 
Rat* phrmmtmta AH - AS ^^  «i ^® * 
(Iccalcibltt ^ (eal«4o<3« aolft*^) dtealttioio'*^} 
k^Caac"*) •14»6 -at^Q +23.4 
ax 
Ali** - ^S® - ^. A0«*« . 
(JasaltfflOlo ) (eal«aog(* '.nolo > {la:al.»i!©l® ) 
KJ^CM**) •IS.a -44*0 -1.2 
• At 4S**C 
^ freit xi.ii. stranlca emA T«i9* Si«a!aaia#or.Am«CiMn.soe«^J»3t(i97l> 2'!ra3* 
^ SxehMi^ of ana ligimd only. 
1 1G 
H 
HjS - C - COOH 
I 
I ^ 
COOH 
H 
^••' >» H-K • C • COO* + H*" ( 1 ) 
?«2 
COOH 
H 
H^H • t - COO* ;:•' "'»'^ "". ;^ f ^S • t • COO** + H* 
CHj 
(a) 
(HgO)^ 
CH, 
COOH COO 
C3) 
ooc 
3* • H 
(HgOjgCr • OOC-C-HHj -
I 
KOOC 
H 
f«a 
OOC 
3+- I + 
(H20)gCr 0@£>r € •* NH3 (4) 
CHj 
MranSiSaaiMd^ 
(HjO),cr,ooc - C-ISKJ —*" ' • ;> 
OOC 
MOOC 
H 
(HjjO) jCrOOC-C-HHj 
CHj 
OOC 
24* 
• HjO (9) 
H 
(HjO) ^ Cr, SoC-C-WHj 
HOOC 
k 
-T3+ 
H 
(Hj^O^CrOOC-C^HH, <!> HjO ( • ) 
HOOC 
1 1 7 
- f 2 * 
fa 
'ooc 
fast K 
ooc 
24> 
_3* 
H 
f2 
HOOC 
IfMMb H 
0% 
OOC 
24> 
• HjO 
7h« emt® «r(|uaticn <l9rlved on t]iH>» b « i i s of abov^ iiKielianiam i a t 
<*>• diw 
[K*1AJ*[H^]*K24{KJJ^2**^P[«*"3) [ ^ « r t i c a c i i 
(?) 
fAmvm CAii|>artie aeidj*^ i « the to ta l eoneantration of aspartio 
aeid addad* On caarran^ia aant« €Kiaation (7) givaa aciuation (8) 
A g | mmiJULmJmmtmJKMimmmmmmmmmmmmmm 4" «iii A n i»«»»««iM«»iiii«»M«aii»Mr«<M«««»»i» aniMMMii 
(8) 
Tha «bora imohaiiiaai waa confixmaa t»y plot t ina k^^ va 
[jMq>avti« aoial at ^ i f fata i i t ceiMwntgatiowsof hydro^an ion* 
» -
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Thtt plots (ri9» 31) nem f«Miia to bo liiwAr for « ^ivvn 
hyaxogvA ion «MMieoiit««ti«n« Tho Intoirotpts of ttMso plots 
« r . fo««d to b . d.p«.*nt « . CB*D« Is c l « r trrm « ,u«lo«(«) 
(in oaso of memotminot n»noe«£box$'lie aeldsa ec»en(m intoreopt 
«as ObtaJLniNft at diffacwit [H'*'3 }« 
*Stm vmlvmB of r«tft p«r«Ri»tom na»9 In oq t^ifttlon (7) vmvtt 
emXeaXmtmA mn^i «£« mmtimrlL»m& in ftSslm 24* ftio valtMio of 
^ctltratiofi p&emmtmrm (Fi<|* 34> ii«Ioul«t«<l for diffurant paths 
oes» ^^Bn in T«l»i« a5« 
'.^th ttspartio soldi too# tha vaXuos of H,^ and k ^ srs 
S31 an 
gmatsr «i«n ths v«X*iio of h^^ for watar «3icdi«i^ C4»lt«IO sae ) 
«^ich i s indieativa that tha iaa#i«ni«ii i s «n associativa intar* 
c^wige (la> typa* Tha iraiuas of tSmtma^tynamle paramaters in 
27 Ttiaia 29 also siipport tlM Za proeasa «s disouaaad toy ShtmMlm 
42 Mid sasaici «nd aykaa > l%r a saxiaa of sf«d»8titiition rawsticms 
of ralatad oatahadMl oasi^iaNaa praoaadinq v ia a essaifflw, Zd 
nwHianiasu i inaar amrraXations of sl.«pac><« 1*0 should mdst 
b . t . » « ^a* ( f^ mm^ . f «h. mM«n n t . «on»«.t, v > « a 
^<3**( f r sa WNHsroy for tha d i s s o o i a t i o n c o n s t a n t of t he artdno ac id , Kg) 
For Za RNMihaiiissis« ^should ba lass than i*0* A llmmr fraa 
anargfy raiationaliip ifaa fo«sid to ba valid for tha anation raao* 
tioms of fihsondwiCzxx} idth a l l tha aaino acids (nenoaMino* 
"snooaidMMiQflio as wsll as sMMKOawlMit dioarbaNylio acids? • "fha 
-. JI / 
CAspartJc ocidK 
\\'.:.yy. D«*p«ndsnc@ of kob* on [Asportic ccidix ot indkc-tsd iemptrcs-
3 IS2 x l O ^ ^ M - 0 > 1000 x1O~"^M-0 
11 V> 
TABI4I-24* flat« pmrmmitmtm caleul«t«(9 from tim Amtm giv«n in 
TablA 13 for th* mmstion o€ ehromtinidXX) with m«-> 
4 4 » • a t t tt 
7«ai|># l O . K ^ Kjp *®*^«n ^ P *****^ 1 ^^*^2 ^^*^m€ 
35 a.oi a . s i o,9s 6»40 un un 4»i7 
40 3«4a 9.78 U49 7*32 I«1S 1,33 
4S 4«7« 11.40 2.30 4,67 1«19 1,3S 
I F:3etrspolat«<9 iraiu«» fconi tlwi aista o£ P«iC« £MLth <»td S!«!%*B» 
asl t l i« ^ * S i o i , OMI I I . * JJJI {1943) 187 
4^ t^ wA* Plane innd H* fmi>9» ^^•'Pisfm* CIM!II«#J^(1?S3) 33* 
\ 
1 5 . 1 -
k 
V 
-^.6-3-
O 
—I 
-16 .5-
31-0 31.5 32-0 
Flg.S i^ *. Arrh^nJus plots for chromium fiis)uncUcn w'i:: 
Dl-aspartic acid-
!i2.3 
\2\ 
TABI4E-29 AetivatiCMi parwiwtew for k # ^mg^ v „f^A %L for tha 
sMttctlon of ehroiRli^(XlZ) with t)lr<-«8p«Ktic aioid* 
(kcalvffiole (calwdkiq* mol« ) (kcaX.nolei ) 
424«2 
a n 
5t* (aec"^) an 
k ^ (sec'"*) 
4-is*a 
• t 5»5 
•f-afiAS 
• 2 7 . 0 
- 2 7 . 4 
•fO.S* 
(l«2al«raol« ) Ceal«a9g7 moia**) (local•moXa) 
Kjp {^h -4 .3 -.19.4 -O.i 
Kjp (M *) -4.4 -14.9 -LO 
• At 4S*C 
^ tteim D.R. StrMDca and T.vr. Swaddla, J.Ani.Cham.S4e.«Jt2l (1971)2789 
^ Bxfi^ anga of ana ligand anly. 
1 9 i 
l>Xo«« of AQ* v« At}** (Tiibitt 2«# ng* 35) tiaa ^ M si«p« 
6<'fi 0,32 wilier flonftiiM an I« imeltitmi9m fcir ftU ^w 
anation raaetioiui ^tmdLbmd in thi« t^s i** 
12c 
W?I«B*26, VaitMii» of Airi fipse mmvfw ^^^ ***» <«ls»ociatioii 
of caribos«yllc <nro»jp o« flrjim* ael< 5^) ««^^o ( fciMi 
enorciy for t t e anatton ©•^  ciiromiwiCXJl) ) a t 45**C» 
Linasa 
niyein® 
rir»o( -^"\i.®iin@ 
Ri** 7a2,ifi® 
r t * - Gerlti© 
D2>- Htethlofiina 
DLi-i^ffpactie aeid 
( s n i t t a r i f m l e ) 
3*4 
3.4 
3*1 
3.1 
3»3 
2*3 
33^1 
24* i 
23»2 
34*0 
23*4 
23«t 
rz«* A4^artie acid 
{iiiotio«tii<mie) 
Fig.35 
5,6 23. T 
SI 
E 
o 
o 
<3 
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2o -
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22 
Slopo-0-32 
AG*' kcal mole 
Fig.35: Relation ship between AG* and AG"* for the 
anotion of chromium (••«} ot 45C** with glycine-® J 
Dl-•<•-alanine-®* DL-valin©-©» 0L-s©r lne-©5 
DL-methionine-o? DL-osportic aclcKzwitterionic)-®^ 
DL-aspartic Gcid{monoanionjc)~ ©• 
] .. 
(l?»4l) 437. 
3* ^ Eigen* Bar* I3tii»«nf««* phjrsi^* *^h9Ri*# J^ (t963> 7S3 
3« J.H. r.B^tmmm* tmom* Chorn.* ^ (1969) tS54-
4» o» Th-asi-as, tnozg* €!higa,, iO i l ^ i ) not* 
S* D« SaaimXa ana H* Satin* Xnovg* CIian*# Jl (1963) 643> 
€m ^**0m Moochaaa ana li* 3iitiit« XiiOjr?* Oi^s** 1 (1966) 1866-
7m !US» Hflsrca an'' R*K* n«via« J* i^ii* Oien* 0Qe««jQL(1^3} 30dS. 
a, R«E« !l«am ana tUH* ^rldiia* J»Am« Oiaffl* 3oc*# 7? (3^ 9S5) 
2083* 
'!« n*Km mmm n*h* ^mmmm* H«H* i^tfkin» ana H^K* D«yift«J« 
/I8i« Cham* BoGmp M (2^ S^ > ^^^' 
iO» H, Kalm ana G«M* Harris* Xnoeq* Oiais«*l (1967) 706. 
i i» P» Banarjaa wfia 3«1^ * Ch«iidhiiry« J« Inom* Unci. Cham** 
ifii (1960) 67i. 
la* D» 8anarjaa md 3«B* Chanaiiiiry* <7« tnnm* ^tiei* GiMm*» 
i l (1970) 1617* 
13* I*«R« Carayt ^*^* '^^ Miaa ma t»w« Sifaaaia* XnosQ. Chmu^ 
10 (1971) iS66. 
14. D»R% Stranka ana t^w* SnaAAla* J« Anu Chan* 3o«!»«12.(197i) 
3763. 
1S« Qm Oaiiatalla and •?•«#. Stfadaia* Canaa* J* Ctiam.* 11(2^73) 
37fl^' 
i:>^i 
17. a*«r»D» Lo ana ««w« 9iraa<l]L«« Xiiovg. CltMi.« JJt (i9tS) ta?». 
I8« n«c» Pfttal and M* niabJUis^ iiejr« S^m»engs9» Hiya* Cii«m»#J| 
( I tTa) 103S. 
19* lf« :»aaalci «ct'1 A*0« ;iyka9« ^m Ctamm Soo* Ou^n« Connun** 
i%9f2) 767, 
20* J9A« Bcooohnarl sm^- h*h»9m Kmm^ i^qvAtm^ Hiozt?* ChMa«« 2 
(S968} 2S19. 
ai« !>• Oougar ana J* JS«\i«hr* Inoc^* 0%8iii»« Ut ^^974) 379• 
a2» S** Baaoio and R»(^ « a^ecaoo* ** latc^anisna of inorganic 
Bf:iactloRw'*0J€»m Ulafp i^mi iro£k# Sua endto* Ci^7) p* 237. 
23» H*!>* Qiannon ^la C»7« Pjs^a^tt* Acta Cf^atallocir* 3aet»B* 
jy| (196?) 9as. 
24« n«n* iJHnnnon an i^ c»7« Franitt^ Aeta Cr^fatallogr* a«»ot«B#M 
<i97a) 1046-
29* s»B* Tong and T»4« @ifaaai«# Ziior<|* Oiare** | | (l'^74) 1538* 
28* 8*M* Fexxman* J* QMMI*# S i^e* Qwin* Cc i^oniii** <i972) Sl$« 
27. 7*w« mimMlmt Coora« Qiam. Rav.« l i ^^974) 217* 
28* 9»StmCm upaetti «n't Jl« ^ a o t t i ^ "^ Tha SHataf^nation of Sta-
b i l i t y Conatanta** HaeGsair Hil l# Hait Yof1t>^xfM»to/]:«<maon« 
29* A»M* lioiia« Gaora. CIMMI* t^ava.* t (1971) 377* 
30* c«7** 14.11 ana B*D» nora bac^i«r*Xnorg»Cliaii««Ji2(1973) 2402* 
3 1 . %*%• Kaaiar# J* Aai» QMMN 3oe#, 2SL ^ t^m) 478. 
32* R»H« Carlaan an<^  ?*];•• Bit»wn# Xnorg* aMM*tS^ (1988) 288. 
33. X* KflataMi w a R*iv« »lMa« ZnoiQ. aian«,A (1987) S i . 
34. C«)f* Q i i i a * ma D»D* i>atKlii#jr* Qiaai.«aa««#(A) (1988)I0>t* 
1-5 
asos. 
3t« 7* Ita!8a9«nt# :U3» Taylor an:^ A«G« tSfTmnt Znojcg* Ch«n*«^ 
( i iTe) 2318. 
33« u*'?» (ieGilv»£^« '*^loe}i«^atry« a fixnaannntal es>p£0«k(^ **« 
Chsqptar 38* 
39* B*3* King* J*Aiii. OieiO* Soe«, 67 {194S) 2178f J ^ (1951) ISS. 
40. :i« Biq«R ana K. Tamst ;^ « El«lctvochftm»« M ( ^ ^2 ) 107* 
4 1 . 0* »or m^ A*Q* 3flmt0 J * OMMI* Boo* (A)# (1973) 1232* 
42* Y* uaaaisi ana A.d* 3jf^mm» t7*c.3* nalton« (197S} 1048* 
A . » P « « & 2 X 
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4 ' )C i -C0 i , OOCB 
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'^CC >- H 
C h- H 
H M 
V'MHHHHh 
H H 
C H H 
j : 
4 S 
s n H I . M 
» < > * | l » « 0 ( i J ' G 
nuDf 
0 
n 0 
0 
0 
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') 
a 0 
f) 
0 
nnt~%r\r\ 
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« « 4 
f 
9 
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C 
// JCB r CHO^l 
// XEQ PRINT 
// rOR 
-LIST SbURCE PROGRAM 
C 
C r^ iVTE CONSTANT 
G 
C KOBS»CONST-LN(DOE-OOT) 
»EtTENf)ED PRECISION 
D I f r i N ) S I O N r ( 1 0 > . n O T a O ) , X ( 2 , 2 ! , Y ( 2 , ? } , W ( 2 , 2 ) ,X1 (10 » ,X2 I 10 ) 
1GX2( i ( > } , 0 0 T l U 0 ) , A K F { ^ 0 ) , A l . ( 8 U > 
0 0 A = 0 . 0 6 5 
L R b A n ( t t , ^ ) N C P , 0 D 6 
2 FORHAT(15 ,F10 .0 ) 
R E A D ( 8 , q 9 9 ) ( AL( n » l * l i 8 0 ) 
9<)9 F0RMAT(80Al ) 
W R I T E ( 5 , 9 9 9 ) ( A L ( n , I « l , 8 0 ) 
R t A D ( 8 , 3 ) <00T( n , I = l , N y P » 
R 6 A o ( a , j } ( T ( I ! , I « I , N 6 P J 
3 FORMATjaFlO.O) 
D 1 1 » 0 . 0 
0 1 2 = 0 . 0 
0 ^ 2 = 0 , 0 
DEKl^O.O 
DEKI^O.O 
0 U 6 I » l , N 0 P 
X I U )=»-ALOG(ODE'-OOT( I ) > 
GXK n = X l ( n / 2 . 3 0 2 5 8 
D l l » D i l • ^ l . 
D 1 2 » O l 2 + T t I ) 
n 2 2 = D 2 2 + T { I ) » T ( I » 
DEKJ«DEKl+XU I ) 
OEK2 = OEK2 + X l { n « T ( I ) 
AKF( n = ( l . / T ( n )«ALOGttOUE-ODA>/(ODE-
6 CONTINUE 
X l l , l » = D l i 
x a , 2 ) » D 1 2 
X « 2 , 1 ) « D 1 2 
X ( 2 , 2 ) = 0 2 2 
0 E T » 0 1 l « n ? 2 - n i Z « D l 2 
Y ( 1 , 1 ) » X ( 2 , 2 » 
y ( i . 2 ) " - x u , n 
Y ( 2 , 2 ) « X ( l , i ) 
w < i , u » Y ( i , i i / o t r 
W U , 2 ) - Y < 2 f n / O E 1 
W ( 2 , l ) « Y ( 1 , 2 > / D E T 
W ( 2 , < ! ) - Y ( 2 , 2 ) / 0 f c T 
A i « w C l , l ) » C E K l + W { l , 2 ) « D E K 2 
e i « W ( 2 , i )»DEKl+W{2 t2 )«0EK2 
D I F ' 0 . 0 
D 0 7 I = 1 , N Q P 
X2( n = A i * a i » T j n 
PROGRAM N O . I 
Gxmo) 
a u T j I ) ) ) 
12V 
GX2( I )«'X;?( I ) / 2 . 3 U 2 5 d 
O U T l ( I ) = 0 0 E - F X P ( ~ X 2 ( n ) 
0 I L = < 1 ( l ) - X 2 ( I ) 
; )IF=D1F*DIL»()IL 
WR1TE{5 ,8 )T( I ) , U n r { 1 ) , X 1 ( n . G X K I I . O O T i l n , X 2 ( l ) ,i,Xi^ i t 1 ,A^> 
FaRMAT(lX,llF10.6} 
7 CONTINUE 
S T A l = S Q R T ( t W ( l , l i « n i F J / ( D l l - 2 . 0 ) > 
S T 8 i » S Q R T { ( W ( 2 i ? ) * D I F ) / ( D l l - 2 . 0 J ) 
W R I T e ( 5 , " 9 > A X , S T 6 1 , B l , S T P l , n i L , n i r 
9 F 0 R M 4 r ( 6 E 1 3 . 5 } 
W R I T F ( 5 , l l ) 
11 F U R M A T ( I x , l l O { « - ' I » 
1 = 1+1 
I F ( I - 1 0 0 ) 1 , 1 , 1 0 
1 0 CALIEXIT 
END 
/ / XEU 
1 ! ! 
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// r 
-L i S r '.CU LE oROCffAC , , 
L A^ - i . iDM RATE COf^ibTAMI , ION-PA IK fO^^MATtUM CnN<:r4NT 
C ] /Ki l t<Sa« !P»'I 1 /LD) 
r 
"•"S'TENOeD PReCI<i ION 
^ . P T ( . . i ) } , Z C l ( l S ) , 2 C 2 ( i p ) , A X ( 1 ? > , Z Z ( l ^ > , Z . U l ^ > > 
^0 R e A n ( a , l ) N C P , H , O A 
; 1 FQ-^-^ATI I 5 , 2 F i O . O J 
W«< I T 6 { 5 . 6 5 )H 
FC^MATii«,*«^YOft l lG£N I '-i CD'^CENT'JaT r O \ - ' » £ 1 5 , 6 ! 
REaO( tJ ,?H ZA( i ) , l - - = i , ' 0 ' ' ) 
0 0 2 0 U « 1 , N C P 
2 1 I n l ) - l . / Z A { 1) 
R6An(3»2)I 6X( I), f = 1,^ 01^ ). 
^ FOR^ATtdrlO.O) 
WRITE(5, 133) lAXl n.I^iiNOP) 
133 FORMATtlOeil.4) 
ANP=0.0 
DO70feI = UNCP 
^K^ I ) = z / ( I ) 
P T t l ) » 4 X ( I 5 
B K U ) = ' 1 . / Z Z < I ) 
S T n ) = i . / A X ( n 
SCf« i ! = S C R T i l . / A X ( I ) ) 
ANP-ANP+1.0 
708 CUN'TINUe 
W R i r £ ( 5 , 1 0 1 ) ( B K ( i I , I l .NOP) 
W R l T E ( 5 , 1 0 i ) ( S T < n , i ' l , N O P ) 
\ 0 1 F O R M A T a x a O F l l , 5 . 5 
51='".Q 
S2''f . 0 
0 . 0 
I aorw«i,NOP 
1 S l ^ ' S l + B K H ) 
5 S2 = S 2 t 5 T ( n 
I S3=S3 + BK( n * S T ( n 
I s;>^st>«-SQTU) 
I S6>»S6 + S Q T m » » 2 
S 7 = S 7 + S Q T ( I ) » 6 K ( I ) 
10 COMINue 
X ( l , 3 ) = a,SP 
x a , 2 ) = S 2 
X 1 2 , 1 ) = S 2 
X ( 2 , 2 ) = S 4 
X X t l , 1 ) = A N P 
X X ( 1 , ^ ) » S ' > 
X X ( 2 , 1 l - S ^ 
X X { 2 , 2 ) = S 6 
Orn-=ANP«S<.-S2! 'S^ 
0ET2^ANP*S6-SlKS'> 
v ( l , i i " X ( ? , / ; i 
Y ( i , 3 1 - - X I 2 , ! > 
12B 
1 1 9 
1 1 
71 
9 9 
32 
V { 2 , 
Y ( ? , 
Y Y t l 
Y Y ( 1 
Y Y ( 2 
Y Y f 2 
' • f '* 
« 1 J. t 
W ( l , 
w ( 2 , 
W ( 2 , 
ww(l 
ww( l 
Wrt ( 2 
Ww«2 
A K 1 = 
B1 =W 
AK2 = 
B'. = w 
CK1 = 
CK2 = 
D I F l 
0 I F 2 
D S F l 
DSF2 
f-l»=0 
F 2 = 0 
0 0 1 1 
ZCK 
ZC2( 
A K l l 
AK22 
CONT 
0011 
D E L I 
D£L2 
O I K l 
D I K 2 
D i d 
D 2 ( l 
F1 = F 
F2 = F 
D S F l 
0SF2 
D I F . 
D I F ^ 
CONT 
AF1 = 
A ^ 2 = 
Q^=0 
C2=0 
1)071 
0 1 = 0 
0<i=C 
CCNT 
WRIT 
FQRf 
WRIT 
w « n 
W K I T 
W R U 
FORM 
STAK 
1 ) = - X ( 
2 ) = X ( 1 
, 1 )=XX 
, 2 ) = - x 
, 1 ) — X 
, 2 ) = X X 
D - ' V C l 
2 ) = Y ( i 
1 ) = Y ( 1 
2 ) = Y ( 2 
, 1 ) = Y Y 
, 2 > = Y Y 
, 1 ) = Y Y 
,2>'=YY 
W ( l , l ) 
( 2 , 1 ) * 
W t ^ d . l 
w ( 2 , l ) 
A M 
AK2 
= 0 . C 
= 0 . 0 
= 0 . 0 
= 0 . 0 
, 0 
. 0 
9 I « 1 , N 
1 ) = A K 1 
I ) = A K 2 ( n = i . ( n = i . 
IMUE 
! = 1 , N 0 
= BK( I ) 
« B K ( I ) 
( ! ) = ( { 
( ! ) = ( ( 
) = A K ( I 
)=AK(I 
1 + D i n 
2 * n > ( i 
^ D S F l v 
= 0 S F 3 ^ 
= D I F l i -
= 0 I F 2 + 
I^JUF 
n / A N P 
F 2 / A N P 
. 0 
. 0 
1 = 1 ,NU 
1 + ( 0 1 ( 
2 • ( 0 2 ( 
INUF 
F ( 5 , 9 9 
A T J l l E 
E ( 5 , 3 2 
P ( 5 , 3 2 
t ( 5 , 3 2 
e ( 5 , 3 2 
M ( 1 hO 
1=S0RT 
, 1 ) 
< 2 , 
X(2 
) 
?) 
1 
x a , 2 (1,1) 2 ) 
, i > / 0 ! - r i 
. n / O E T i 
. 2 ) / o e T i 
, 2 ) / D F r i 
( I f D / O E T , - : 
( 2 , 1 ) / 0 E T 2 
( l , 2 ) / D e T 2 
( 2 , 2 ) / D E T 2 
• S 1 + W ( 1 , 2 ) » S 3 
S 1 + W ( 2 , 2 ) » S 3 
S ^ S l + W W l 1 , 2 J « S 7 
o S l + W w ( 2 , i ) ' S 7 
CP 
+ B 1 » S T ( I ) 
+ B2'»S0T( I ) 
/ 7 C l ( i ) 
/ Z C 2 ( I ) 
P 
- / 
- i 
AK 
AK 
) -
) -
) 
) 
(A 
(A 
CE 
DE 
ci( n 
C 2 ( n 
( I ) - A K l l ( n ) / A K ( n ) * 1 0 0 . 
( n - A K 2 2 { I ) ) / A K ( n ) » 1 0 C . 
A K l i C I ) 
AK22< I ) 
K ( I ) - A K i l ( I ) ) * « 2 
K( I ) -AK22( I ) >*»2 
L i » n e L i 
L 2 « 0 £ L 2 
I ) - A F l ) « » 2 
n - A F 2 ) »*2 
) ( / K ( 1 >, 1 = 1,WOP) 
1 1 . 5 ) 
) ( A K l l , I ) , I ' l . N O P ) 
) ( A K 2 - c ( I ) , 1 = 1 ,NOP) 
) ( n i K K I ) , 1 = 1,NOP) 
) ( n i K 2 ( I ) , I=»1,N0P) 
• I X . l O E l l . S ) 
l ( W l l , l ) » 0 I F l ) / ( A N P - 2 . 0 ) ) 
130 
i 2 
38 
STX2={ST0l/ei>'>XKZ 
13 
72 
14 
31 
/ / X E Q ' 
STCKI«CXP(STAK1) 
STB1«S0RT( l w ( 2 , 2 ) » C I F l ) / ( A N P - 2 . 0 n 
STAK2 = S0RTI « W ( l , l ) B D I f - 2 ) / U N P - 2 . 0 ) ) 
STCK2=EXP(STfcK2) 
S T B 2 » S 0 « T ( r w { 2 , 2 > » l } I F 2 > / J A N P ~ 2 « 0 H 
S Q Z l = S C t ^ T ( 0 S F l / ( A N P - 1 . 0 ) J 
S0 /2 = SGRT(OSF2/ (ANP-1.Q) ) 
SOOi»SQRT(Q l / (ANP- l .OV> 
S U J 2 * S Q R T ( C 2 / ( A N P - 1 , 0 > ) 
X K l « l , / A K i 
X K 2 = ( A K l / 8 1 ) « t H + O A ) / D A 
X K 3 = a . / B l ) » ( H + 0A) /DA 
XK4=AK1/B1 
STXJ = (STAK1/AK1)*XK1'* 
S T X ' S s t S T B l / B D w X K S 
S T X - t - f S T B l / B D ^ X K A 
STDA»SCRT(0A«S0Z1/<N0P-1) ) 
W R I T e ( 5 , l 2 ) A K l , S T A K l , 0 l , S T B l , A K 2 , S T A K 2 , B 2 , 5 l E < ! , U i F l , O ! F 2 
F 0 R M A T ( i H 0 . 2 X , l 0 e i l . 4 » 
W R I T e ( 5 , 3 8 ) X K l , S T X l , X K 2 , S T X 2 , X K 3 , S T X 3 , D A , S T D A , X K 4 f S T X 4 
F O R M A T d X . l O E l l . A ) 
W R I T E ( 5 , 1 3 ) C K l , S T C K l , C K 2 , S T C K 2 , S Q : l , S Q Z 2 t O S F l 
FQRMAT(/IX,8614.6) 
WRITE15.72)AF1»S0D1,AF2,SQD2,Q1,Q2 
FORMATIIHO,2X,6E13.6/) 
WPITE(5»14) 
FUftMATax,U9(«-' ) J 
K = K + 1 
IF(K-60)30,30,31 
CALLEXIT 
END 
,0SF2 
